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Chapel  Hill,  N".  C,  July  1,  1911. 

To  His  Excellency,  W.  W.  Kitchin, 

Governor  of  North  Cwrolina, 

Sib: — I  have  the  honor  to  submit  for  publication  as  Voluine  III  of 
the  publications  of  the  Xorth  Carolina  Geological  and  Economic  Survey 
a  report  on  the  Coastal  Plain  Deposits  of  North  Carolina.  This  report 
has  been  prepared  in  cooperation  with  the  United  States  Geological 
Survey,  under  the  general  supervision  of  Dr.  T.  Wayland  Vaughan, 
Greologist  in  charge  of  Coastal  Plain  Investigations,  and  under  the 
direct  supervision  of  Dr.  William  Bullock  Clark,  Geologist  in  charge 
of  the  District  from  New  England  to  North  Carolina.  The  volume 
has  been  divided  into  two  parts.  Part  I  treats  of  the  Physiography  and 
Geology  of  the  Coastal  Plain  Region,  and  has  been  prepared  by  Dr. 
William  Bullock  Clark  of  Johns  Hopkins  University,  Prof.  Benjamin  L. 
Miller  of  Lehigh  University,  and  Dr.  L.  W.  Stephenson  of  the  United 
States  Geological  Survey.  Part  II,  which  deals  particularly  with  the 
Water  Resources  of  the  Coastal  Plain  Region,  has  been  prepared  by 
Dr.  L.  W.  Stephenson,  Mr.  B.  L.  Johnson,  and  Mr.  Horatio  N.  Parker 
of  the  United  States  Geological  Survey.  It  takes  up  in  considerable 
detail  the  question  of  artesian  water  in  the  Coastal  Plain  Region,  and 
is  a  report  for  which  there  is  a  considerable  demand. 

Tours  very  truly, 

Joseph  Hyde  Pbatt, 

State  Geologist. 
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PREFACE 


The  present  volume  deals  with  the  geology  of  the  Coastal  Plain  area 
of  N'orth  Carolina.  The  formations  here  represented  are  found  for  the 
most  part  in  adjacent  States  and  have  long  been  the  subject  of  detailed 
study  by  geologists.  The  North  Carolina  area  has  until  recently  re- 
ceived less  attention  than  the  regions  to  the  north  and  south  of  it,  but 
the  present  study  has  succeeded  in  establishing  both  the  sequence  of  the 
deposits  and  their  relations  to  those  of  other  areas,  and  thus  for  the 
first  time  affords  a  clear  view  of  the  geological  history  of  eastern  North 
Carolina. 

The  volume  is  divided  into  two  parts ;  the  first  takes  up  the  physiogra-  1 
phy  and  geology  of  the  Coastal  Plain  region,  and  the  second  part  deals 
with  the  water  resources  of  the  same  region.  --^ 

The  first  chapter  of  Part  I,  devoted  to  The  Physiography  of  the 
Coastal  Plain  of  North  Carolina,  contains  an  account  of  the  surface 
features  of  this  district,  which  consist  chiefly  of  a  series  of  dissected 
terraces  formed  during  late  Tertiary  and  Pleistocene  time.  The  simi- 
larity of  this  region  to  that  of  the  Coastal  Plain  farther  north  is 
brought  out.     This  chapter  is  by  Professor  Clark. 

The  second  chapter,  entitled  The  Stratigraphy  of  the  Coastal  Plain 
of  North  Carolina,  comprises  an  exhaustive  study  of  the  character  and 
distribution  of  the  formations  of  eastern  North  Carolina.  This  study 
has  been  conducted  under  the  direction  of  Prof.  William  Bullock  Clark 
of  the  Johns  Hopkins  University,  who  has  charge  for  the  United  States 
Greological  Survey  of  Coastal  Plain  investigations  between  North  Caro- 
lina and  New  England.  It  represents  the  results  of  extended  field  work 
by  Dr.  L.  W.  Stephenson  of  the  United  States  Geological  Survey  and 
Dr.  B.  L.  Miller  of  Lehigh  University,  the  former  having  devoted  his 
attention  to  the  Cretaceous  and  Pleistocene  formations  and  the  latter 
to  the  Tertiary  formations.  They  had  as  field  assistants  for  several 
months  Mr.  Joseph  E.  Pogue  of  the  University  of  North  Carolina  and 
Mr.  Harvey  E.  Bassler  of  Lehigh  University. 

Dr.  Stephenson  was  materially  aided  in  the  study  of  the  Cretaceous 
and  Pleistocene  formations  by  Mr.  E.  W.  Berry  of  the  Johns  Hopkins 
University,  who  made  an  exhaustive  study  of  the  floras,  having  spent 
several  months  in  the  field,  the  resulting  notes  being  turned  over  to 
Dr.  Stephenson.  He  also  profited  materially  by  the  results  of  the 
studies  of  Mr.  B.  L.  Johnson,  who,  under  the  auspices  of  the  Federal 
Survey,  first  differentiated  the  main  features  of  the  Pleistocene  terracing 
in  North  Carolina.    Dr.  T.  "W.  Stanton  of  the  United  States  Geological 
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Survey  superintended  the  study  of  the  Cretaceous  invertebrate  fossils 
collected  by  Dr.  Stephenson  and  made  many  valuable  suggestions  during 
the  progress  of  the  work. 

Dr.  Miller  has  incorporated  numerous  sections  and  other  data  relating 
to  the  Tertiary  from  the  field  notes  of  Dr.  Stephenson.  He  has  also 
received  much  aid  as  a  result  of  the  laboratory  study  of  the  molluscan 
fossils  by  Miss  Julia  A.  Gardner  of  the  Johns  Hopkins  University.  The 
very  extensive  Mio-Pliocene  faunas  have  entailed  a  prolonged  study  by 
Miss  Gardner,  which  is  not  yet  completed,  and  which  when  finished  will 
form  part  of  a  contemplated  series  of  reports  dealing  in  detail  with 
the  geology  and  paleontology  of  the  Coastal  Plain  portions  of  the  State, 
in  which  the  several  contributors  whose  names  have  beenalreadv  men- 
tioned,  as  well  as  other  specialists,  will  participate. 

The  third  chapter  embraces  a  discussion  of  The  Geological  History 
of  the  Coastal  Plain  of  North  Carolina,  The  geological  events  which 
transpired  in  !N'orth  Carolina  during  the  building  of  the  Coastal  Plain 
series  of  deposits  are  discussed  in  the  light  of  the  entire  Coastal  Plain 
district. 

The  fourth  and  last  chapter  of  Part  I  deals  with  The  Correlation  of 
the  Coastal  Plain  Formations  of  North  Carolina,  comparisons  being 
instituted  with  the  known  horizons  in  adjacent  States,  as  well  as  with 
the  recognized  series  in  the  Gulf,  and  even  in  some  instances  in  Europe. 
This  chapter  has  been  prepared  by  Professor  Clark. 

Part  II  deals  with  The  Water  Resources  of  the  Coastal  Plain  of 
North  Carolina,  and  consists  of  an  extended  discussion  of  the  character 
of  the  underground  water  supplies  and  the  superficial  waters  where  used 
as  municipal  supplies.  The  material  for  this  chapter  was  collected  by 
the  authors,  Messrs.  Stephenson  and  Johnson.  Thd  assembling  of  this 
data  was  made  possible  through  the  cooperation  of  municipal  authori- 
ties, municipal  water  companies,  well  owners,  and  drillers  throughout 
the  region.  This  portion  of  the  report  is  also  accompanied  by  a  chapter 
on  The  Quality  of  Some  Waters  of  the  Coastal  Plain  of  North  Caro- 
lina, by  Horatio  X.  Parker,  in  which  analyses  are  given  of  many  of  the 
principal  waters. 

Thanks  are  especially  due  to  the  United  States  Geological  Survey,  in 
cooperation  with  whom  this  investigation  has  been  conducted.  This 
report  is  one  of  a  series  being  prepared  by  the  Federal  and  State  Sur- 
veys on  the  geology  and  water  resources  of  the  Coastal  Plain,  under  the 
supervision  of  a  joint  committee  of  which  Dr.  William  Bullock  Clark  is 
chairman.  Dr.  T.  Wayland  Vaughan  of  the  United  States  Geological 
Survey  is  supervising  geologist  of  the  entire  work. 

Joseph  Hyde  Pratt, 

State  Geologist. 
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CHAPTER  I. 


THE  PHYSIOGKAPHY  OF  THE  COASTAL  PLAIN 

OF  NOETH  CAROLINA. 


By  Wm.  BULLOCK  CLARK. 


THE  STATE. 

Location  and  Extent. — The  State  of  North  Carolina  is  situated  on  the 
Atlantic  seaboard  between  33°  50'  and  36°  33'  north  latitude  and  be- 
tween 75°  27'  and  84°  26'  west  longitude,  thus  having  a  total  width 
from  north  to  south  of  nearly  200  miles  and  from  east  to  west  of  over 
500  miles.  Its  eastern  and  western  boundaries  conform  largely  to  the 
great  natural  confines  of  sea  and  mountains,  the  former  with  its  curv- 
ing shore  line  being  more  than  300  miles  in  length,  while  the  latter 
trends  northeast  to  southwest  along  the  crest  of  the  Appalachian  Moun- 
tain system  for  over  200  miles.  The  northern  and  southern  boundaries, 
on  the  other  hand,  are  mainly  conventional  lines,  the  former  a  due  east 
and  west  line  about  325  miles  in  length  and  the  southern  a  broken  line 
about  375  miles  in  length.  The  total  area  of  the  State  is  52,286  square 
miles,  of  which  3,620  square  miles  are  water. 

PHYSIOGRAPHIC  PROVINCES. 

The  State  of  Worth  Carolina  constitutes  a  part  of  the  Atlantic  bor- 
der region  stretching  from  the  crest  of  the  Appalachian  Mountain  sys- 
tem to  the  sea,  and  is  divided  into  three  more  or  less  sharply  defined 
districts,  known  as  the  Coastal  Plain,  the  Piedmont  Plateau,  and  the 
Appalachian  Eegion.  These  three  districts  follow  the  Atlantic  border 
of  the  United  States  in  three  belts  of  varying  width  from  New  England 
to  the  Gulf. 
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The  western  mountainous  district,  known  throughout  the  eastern  por- 
tion of  the  country  from  Pennsylvania  to  Alabama  as  the  Appalachian 
Region,  culminates  in  Xorth  Carolina  in  a  series  of  ranges  that  reach 
over  6,000  feet  in  altitude.     Kerr,  in  describing  this  region,  says : 

**The  western  section  is  a  rugged  mountainous  plateau ;  it  forms  a  narrow, 
irregular,  mucli  indented  trough,  Ij'ing  between  tlie  bifurcating  chains  of  the 
western  and  dominant  arm  of  the  southern  prolongation  of  the  Appalachians — 
the  Smoky  Mountains  and  the  Blue  Itidge — the  former  being  the  western  bound- 
ary of  the  State.  The  length  of  this  plateau  from  northeast  to  southwest  is 
more  than  2U0  miles,  its  breadth  15  to  50  miles,  and  its  area  nearly  6,000 
square  miles.  The  Smoky  chain  has  a  general  elevation  of  from  5,000  to  6.000 
feet,  rising  in  many  summits  to  0,500  feet  and  upwards,  but  Is  broken  down 
by  half  a  dozen  deepwater  gaps  or  ca lions  to  the  level  of  2,000  and  even  1,200 
feet.  The  Blue  Ridge,  which  constitutes  the  eastern  boundary  of  the  plateau, 
is  a  very  sinuous  and  angular  and  straggling  mountain  chain,  with  a  general 
elevation  of  from  3,000  to  4,000  feet  and  upwards,  a  few  of  its  higher  summits, 
about  midway  in  the  State,  reaching  nearly  0,000  feet. 

"These  two  bounding  chains  are  connected  by  many  north  and  south  cross- 
chains,  of  equal  elevation  with  themselves,  or  greater,  and  separated  by  deep 
vallej's.  On  one  of  these  cross-chains,  called  the  Black  Mountains,  is  Mitchell's 
Peak,  the  highest  point  east  of  the  Mississippi,  its  altitude  being  6,711  feet  (400 
feet  above  Mount  Washington  in  New -Hampshire).  The  cross-valleys  or  river 
basins  have  an  altitude  of  from  2,000  to  3,000  feet,  with  smaller  benches  and 
marginal  plateaus  of  from  3,500  to  4,000  feet.  Seen  from  the  east  or  Atlantic 
side,  the  Blue  Ridge  appears  as  a  steep,  ragged,  and  broken  escarpment,  spring- 
ing suddenly  2,000  to.3,000  feet  above  the  Piedmont  Plateau  at  its  base." 

The  central  hill  country  known  as  the  Piedmont  Plateau  attains  a 
much  greater  width  in  Xorth  Carolina  than  in  the  States  to  the  north 
of  it,  and  is  also  far  more  rugged.     Kerr,  in  describing  this  area,  says : 

"This  plateau  has  along  its  western  margin  an  altitude  of  1,200  to  1,500  feet 
alx)ve  sea-level,  and  is  mountainous,  with  high  and  precipitous  spurs  projected 
eastward  and  southward  from  the  Blue  Ridge.  A  few  of  these  extend  in 
irregular,  straggling  ranges  all  across  the  breadth  of  the  Piedmont  section, 
which  is  60  to  75  miles  wide,  and  carries  an  elevation  of  1,000  feet  to  its 
eastern  margin. 

"This  middle  region  of  the  State  is  a  country  of  hills  and  valleys  and  rolling 
uplands,  its  prominent  topographical  features  being  a  succession  of  broad- 
backed  swells  with  eastward  or  southeastward  trends,  constituting  the  water- 
sheds between  a  number  of  large  rivers,  which  take  their  rise  in  the  Pied- 
mont or  on  the  flanks  of  the  Blue  Ridge,  and  reach  the  Atlantic  through  a 
system  of  wide  valleys,  300  to  500  feet  below  the  intervening  divides.  The 
area  of  this  region  is  about  20,000  square  miles;  its  altitude,  descending 
gradually  from  1,000  to  about  200  feet,  averages  about  650  feet." 

The  eastern  low  country,  known  as  the  Coastal  Plain,  extends  from 
Cape  Cod  and  the  islands  off  the  Xew  England  coast  as  a  constantly 
widening  belt  to  the  Gulf.     Along  its  western  margin  in  N'orth  Caro- 
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Una  it  is  often  hilly,  forming  the  sandhill  district,  the  streams  here  fre- 
quently cutting  through  the  softer  Coastal  Plain  deposits  to  the  harder 
rocks  of  the  Piedmont  Plateau  below.  The  sandhills  often  appear  as 
outliers  on  the  Piedmont  Plateau,  where  they  attain  elevations  of  from 
400  to  500  feet. 

To  the  eastward  the  country  declines  in  altitude,  passing  from  one 
broad  plain  or  terrace  to  another  until  it  approaches  tide-level,  when  it 
embraces  swamps,  marshes,  bays,  and  sounds  over  wide  areas — the  whole 
surface  for  more  than  50  miles  inland  from  Hatteras  and  the  Eastern 
Shore  being  less  than  20  feet  above  sea-level.  The  ocean  is  walled  off 
from  this  low  region  by  a  long  linear  chain  of  sand  islands  or  dunes, 
ranging  from  75  to  100  feet  and  upwards  in  height  and  separated  in 
half  a  score  of  places  by  inlets  which  connect  the  sounds  with  the  ocean. 
The  total  width  of  the  plain  reaches  125  miles.  Its  area  is  about  two- 
fifths  that  of  the  State,  exceeding  20,000  square  miles  and  embracing 
wholly  or  in  part  42  counties. 

Beyond  the  outer  shore  line  the  surface  slopes  gradually  beneath  the 
sea  to  the  continental  shelf,  this  belt  off  the  ISTorth  Carolina  coast  hav- 
ing a  width  of  about  50  miles,  thu3  constituting  a  submarine  district 
of  nearly  15,000  square  miles. 

THE  COASTAL  PLAIN. 

The  Coastal  Plain  is  the  name  applied  to  the  low  and  partially  sub- 
merged area  of  varying  width  that  is  confined  between  the  Piedmont 
Plateau  on  the  west  and  the  continental  shelf  on  the  east.  Its  western 
boundary  passes  through  ^Northampton,  Warren,  Halifax,  Franklin, 
Wake,  Johnston,  Chatham,  Moore,  Richmond,  and  Anson  counties.  It 
naturally  falls  into  two  divisions — a  submerged  or  submarine  division 
and  an  emerged  or  subaerial  division,  the  seashore  forming  the  boundary 
line  between  them.  This  line  of  demarcation,  although  apparently 
fixed,  is  in  reality  very  changeable,  for  during  the  geologic  ages  which 
are  past  it  has  migrated  back  and  forth  across  the  Coastal  Plain,  at  one 
time  occupying  a  position  well  over  on  the  Piedmont  Plateau,  and  at 
another  far  out  at  sea.  At  the  present  time  there  is  reason  to  believe 
that  the  sea  is  encroaching  on  the  land  by  the  slow  subsidence  of  the 
latter,  but  the  period  embraced  by  a  few  generations  of  men  is  too  short 
in  which  to  measure  this  change. 

The  Coastal  Plain  of  N'ortli  Carolina  is  part  of  the  great  district 
which  borders  the  ocean  front  from  INew  England  to  the  Gulf,  and  for 
the  most  part  has  been  subjected  to  the  same  great  physiographic 
changes  here  as  elsewhere.  At  the  same  time,  some  marked  differences 
are  found  which  have  left  their  record  in  the  region. 
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THE    COASTAL   PLAIN    STREAMS    AND   VALLEYS. 

The  Rivers  and  Creeks. — The  Coastal  Plain  rivers  consist  of  two 
types:  first,  those  which  rise  in  the  Piedmont  Plateau  and  cross  the 
Coastal  Plain  on  their  way  to  the  sea,  and,  second,  those  which  rise 
in  the  Coastal  Plain  itself.  In  the  first  group  belong  the  largest  rivers 
of  the  district :  the  Roanoke  and  Chowan  in  the  north,  which  have  their 
sources  in  the  Piedmont  Plateau  of  Virginia ;  the  Tar  and  !N'euse  of  the 
central  area,  which  rise  in  the  eastern  portion  of  the  North  Carolina 
Piedmont,  and  the  Cape  Fear  River  of  the  south,  which  has  its  source 
somewhat  farther  westward.  Several  important  South  Carolina  rivers 
also  have  their  sources  in  North  Carolina;  the  Peedee,  known  as  the 
Yadkin  in  its  upper  portions,  and  the  Santee,  which  receives  the  waters 
of  both  the  Catawba  and  the  Broad  rivers.  All  of  these  streams  rise  in 
the  western  portion  of  the  North  Carolina  Piedmont,  receiving  their 
waters  in  part  from  the  eastern  flanks  of  the  Appalachian  Region. 

Throughout  the  Coastal  Plain  are  numerous  small  rivers  and  creeks 
as  well  as  the  lower  tributaries  of  the  big  streams  which  have  their 
source  within  the  Coastal  Plain  itself.  They  are  scattered  throughout 
the  district  and  do  not  need  to  be  considered  in  detail  in  this  connection. 

The  large  rivers  are  tidal  only  in  their  lower  courses,  although  they  are 
for  the  most  part  navigable  almost  to  the  Piedmont  border.  The  smaller 
streams  flow  generally  with  rather  rapid  currents,  except  near  their 
mouths  and  throughout  much  of  the  low  eastern  district,  where  they, 
too,  are  tidal.  Some  of  the  tributary  streams  draining  the  higher  ter- 
races of  the  Coastal  Plain  have  rapid  currents,  and  where  they  have 
cut  through  the  deposits  of  the  Coastal  Plain  to  the  crystalline  rocks  of 
the  Piedmont  have  all  the  essential  characteristics  of  Piedmont  streams. 

The  Valleys.- — The  valleys  of  the  Coastal  Plain  district  of  North 
Carolina  are  not  simple  trenches  cut  out  of  the  broad  upland  surface 
that  forms  the  interstream  areas.  They  have  had  in  most  instances  a 
complicated  history  since  they  were  formed  during  the  extensive  post- 
Lafayette  emergence,  which  in  North  Carolina,  as  elsewhere,  produced 
the  greater  river  channels  and  conditioned  the  chief  Coastal  Plain  drain- 
age systems  of  the  present  day.  During  subsequent  oscillations  the 
submergence  of  these  valleys  took  place  and  the  development  of  the  same 
terraces  here  as  in  the  other  areas  went  on.  Each  succeeding  terrace- 
forming  period  left  its  impress  on  the  valley  topography,  although  all 
trace  of  the  older  terrace  was  often  obliterated  in  the  stream  valley  dur- 
ing the  succeeding  period  of  emergence. 

The  reentrant  valleys  of  the  smaller  streams  also  afford  much  inter- 
esting data  for  an  interpretation  of  Coastal  Plain  history.     While  the 
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larger  streams  have  often  removed  all  or  the  larger  part  of  the  valley 
fillings,  leaving  only  remnants  of  the  accumulations  along  the  sides, 
some  of  the  smaller  and  less  active  streams  have  left  the  floors  of  the 
reentrant  valleys  but  slightly  modified.  Cases  can  be  found  where  the 
smaller  reentrants  have  been  practically  unchanged  since  the  enwrap- 
ping terraces  buried  the  old  valley  beneath  its  accumulations,  a  signal 
proof  of  the  submergence  that  preceded  the  terrace-making. 

We  find  six  generations  of  valleys  in  the  Coastal  Plain.  The  larger 
valleys  may  still  contain  remnants  of  all,  but  in  the  smaller  valleys  of 
each  terrace  the  simplest  conditions  are  found.  Here  numerous  cases 
may  be  cited  where  streams  that  cut  the  valleys  have  disappeared. 
They  will  be  later  discussed  in  connection  with  the  great  terraces  of 
which  they  form  a  part. 

Toward  their  headwaters  these  valleys  are  narrow  and  V-shaped,  and, 
if  traced  to  their  sources,  are  often  found  to  start  from  intermittent 
springs,  surrounded  by  steep-walled  amphitheaters  from  5  to  10  feet  in 
height.  Toward  their  lower  courses  these  valleys  are  broad  and  flat  and 
are  frequently  filled  with  fresh  or  brackish  water  marshes.  In  the 
upper  portions  of  their  courses  the  valleys  are  being  eroded.  In  the 
lower  portions  they  are  being  filled.  A  glance  at  the  map  will  serve  to 
confirm  the  opinion  which  has  been  held  for  a  long  time,  namely,  that 
the  rivers  of  the  Coastal  Plain  of  North  Carolina  have  been  drowned 
along  their  lower  courses,  or,  in  other  words,  have  been  transformed  into 
estuaries  by  the  subsidence  of  the  region.  The  filling  of  these  valleys 
has  taken  place  toward  the  heads  of  these  estuaries.  The  headwaters  of 
these  recent  valleys,  on  the  other  hand,  are  being  extended  inland  toward 
the  divides  with  greater  or  less  rapidity. 

Many  of  the  tributary  streams  occupy  the  reentrant  valleys  described 
above.  The  more  energetic  have  succeeded  in  carrying  out  all  of  the 
ancient  floors  which  formerly  covered  these  valleys  and  formed  a  por- 
tion of  the  various  terraces.  Others  have  left  mere  remnants  of  these 
valley  accumulations  along  the  margins,  while  the  less  active  streams 
have  left  the  reentrant  valleys  practically  unmodified. 

THE  COASTAL  PLAIN  TERRACES. 

The  topography  of  the  Coastal  Plain  presents  considerable  complex- 
ity, notwithstanding  its  low  relief.  This  is  fundamentally  due  to  the 
system  of  terraces  out  of  which  the  region  is  composed,  although  denu- 
dation and  wind  action  have  also  been  important  factors  in  changing  the 
surface  configuration,  the  former  more  especially  in  the  higher  ter- 
raced region  near  the  main  stream  channels  and  the  letter  near  the 
coast.     The  subaerial  division  of  the  Coastal  Plain  contains  six  ter- 
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races,  the  submarine  division,  on  the  other  hand,  only  one,  which  make 
altogether  seven  terraces  in  the  Coastal  Plain.  In  describing  these  ter- 
races, the  author  will  anticipate  somewhat  material  which  will  be  dis- 
cussed later  in  another  place.  These  terraces,  beginning  with  the  high- 
est, are  the  Lafayette,  Coharie,  Sunderland,  Wicomico,  Chowan,  Pam- 
lico, and  Pecent. 

The  Lafayette  Terrace, — The  Lafayette  terrace  is  represented  in 
Xorth  Carolina  by  the  sandhills  of  Scotland,  Richmond,  Cumberland, 
Moore,  Harnett,  Wake,  Johnston,  Nash,  Halifax,  and  Northampton  coun- 
ties, which  are  dissected  remnants  of  an  ancient  terrace  that  wrapped 
about  the  higher  elevations  of  the  eastern  Piedmont,  burying  the  western 
margin  of  the  Coastal  Plain  and  the  lower  portions  of  the  Piedmont 
Plateau,  just  as  the  later  and  lower  terraces  in  successively  more  easterly 
positions  have  done.  The  terrace  features  of  the  Lafayette,  no  longer 
clearly  recognizable  in  North  Carolina,  have  been  described  in  Virginia 
and  Maryland,  where  more  extensive  and  but  partially  dissected  rem- 
nants of  the  Lafayette  terrace  have  been  preserved.  The  extensive  ero- 
sion to  which  the  Lafayette  has  been  subjected  in  North  Carolina  and 
the  fact  that  deposits  of  this  age  have  only  been  observed  at  a  few  points 
overlying  tl)e  older  sediments  of  the  Coastal  Plain  suggest  a  higher  ele- 
vation in  post-Lafayette  time  with  a  more  extensive  erosion  of  the  earlier 
materials  than  in  the  States  directly  to  the  north. 

In  Maryland  where  this  terrace  has  been  studied  in  great  detail  it 
has  been  found  in  the  interstream  areas  to  be  at  times  as  flat  and  feature- 
less as  the  later  terraces,  while  along  the  margins  where  it  has  been 
dissected  by  waterways  it  has  been  transformed  into  a  gently  rolling 
country  and  its  true  character  obscured.  Many  isolated  outcrops,  not 
unlike  the  sandhills  of  North  Carolina,  are  found  in  nearby  areas  both 
of  the  Coast-al  Plain  and  the  Piedmont  Plateau,  which  are  regarded  as 
scattered  remnants  of  a  continuous  Lafayette  terrace  that  have  been 
brought  into  their  present  isolated  position  by  erosion.  The  remnants 
of  this  plain  along  the  ancient  Piedmont  shore  line  present  approxi- 
mately a  common  level  from  which  point  the  surfaces  decline  gradually 
toward  the  adjacent  stream  channels  and  the  ocean,  as  in  the  case  of  the 
Recent  terrace  of  the  submarine  division  of  the  Coastal  Plain.  In  fact, 
the  physical  similarity  of  this  terrace,  as  of  all  the  later  terraces  of  the 
Pleistocene  to  the  terrace  forming  to-day  in  the  estuaries  and  along  the 
ocean  front,  is  most  pronounced  and  renders  it  practically  certain  that 
the  conditions  from  Lafayette  time  on  to  the  present  have  been  in  the 
main  the  same,  and  that,  with  the  successive  oscillations  of  the  coast 
line,  terraces  have  been  formed  at  levels  where  the  sea  has  stood  for  any 
considerable  period  of  time. 
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The  Coharie  Terrace. — The  Coharie  Terrace,  undeveloped  in  the 
northern  Coastal  Plain,  is  found  in  the  region  to  the  east  of  the  sand- 
hills in  Scotland,  Robeson,  Cumberland,  Harnett,  Sampson,  Johnston, 
Wayne,  Wilson,  and  ]N"ash  counties.  Along  its  inner  edge  it  has  eleva- 
tions of  220  to  235  feet,  from  which  it  slopes  gradually  to  the  eastward, 
having  elevations  of  160  to  180  feet  along  its  outer  border,  being  often 
much  broken,  as  in  Cumberland  County,  toward  the  valley  of  the  Cape 
Fear  River.  Broad  interstream  areas  but  little  dissected  occur  in  that 
part  of  the  area  south  of  the  2^euse  River.  The  width  of  the  terrace, 
which  in  the  larger  areas  reaches  nearly  25  miles  near  the  South  Caro- 
lina border,  gradually  decreases  until  it  apparently  disappears  in  Halifax 
or  !N'orthampton  counties,  the  last  important  development  of  it  being  in 
Nash  County.  It  is  believed  that  a  narrow  area  of  the  Coharie  terrace 
extends  northwestward  througli  Halifax  County  and  possibly  into  North- 
ampton. 

The  Sunderland  Terrace, — The  Sunderland  terrace  is  found  as  a  belt 
extending  throughout  the  district  from  the  Virginia  to  the  South  Caro- 
lina boundary,  except  where  cut  through  by  the  reentrants  of  the  Wicom- 
ico terrace.  Adjacent  to  the  Coharie  escarpment  it  has  an  elevation  of 
140  to  160  feet,  from  which  point  it  gradually  slopes  eastward  to  an 
elevation  of  110  feet  and  at  some  points  may  even  reach  100  feet. 
Within  the  interstream  areas  broad  undrained  tracts  are  found,  while 
near  the  margins  of  the  terrace,  especially  adjacent  to  larger  river  val- 
leys, the  surface  is  often  deeply  trenched. 

The  Sunderland  terrace  is  found  principally  in  Robeson,  Columbus, 
Bladen,  Cumberland,  Sampson,  Duplin,  Wayne,  Johnston,  Greene,  Wil- 
son, Edgecombe,  Nash,  Halifax,  and  Northampton  counties.  The  area 
covered  by  the  Sunderland  terrace  is  much  larger  than  that  covered 
by  the  Coharie,  and  gradually  increases  in  width  to  the  southward. 
In  the  northern  counties  it  is  from  5  to  15  miles  in  width,  but  gradually 
increases  to  fully  25  miles  in  the  central  counties,  while  in  the  Cape 
Fear  River  district  and  toward  the  South  Carolina  line  it  is  fully  40 
miles  wide  in  places. 

The  Wicomico  Terrace. — The  Wicomico  terrace  embraces  a  much 
larger  portion  of  the  Coastal  Plain  than  do  the  Coharie  and  Sun- 
derland, similarly  as  this  terrace  in  more  northern  areas  embraces  more 
area  than  the  Sunderland.  It  likewise  forms  deep  reentrants  in  the 
older  terraces,  reaching  in  some  of  the  valleys  nearly  if  not  quite  to  the 
Piedmont  border.  This  feature  is  especially  well  seen  in  the  valleys  of 
the  Neuse  and  Cape  Fear  rivers.  The  elevation  of  the  terrace  near  the 
Sunderland  escarpment  is  from  80  to  100  feet,  while  up  the  river  valleys 
farther  to  the  westward  it  may  reach  120  feet  in  elevation,  as  showni  in 
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iioiii^  of  iLe  JLJilit-sinAin  vallevs  io  Cumberland  and  Johnston  counties. 
Ti>e  ekTati'Li:  of  tLe  iriner  snrface  of  the  Wicomico  terrace  in  the 
itonli^rm  cC'iiLUf:*  is  soioewhat  greater  than  in  the  south,  but  this  is 
d'«'jv:I'rw  d'le  T*^*  ibe  fact  that  the  Wicomico  terrace  has,  because  of  ma- 
r;i.*rpl&i;a:I'  ij.  *fncroached  rjomewhat  farther  westward  on  the  Sunderland 
terraucje  here  than  farther  to  the  south.  The  outer  margin  of  the  Wicom- 
i'y^  t^rra<?e  h  a}x>ut  60  feet,  except  in  the  great  tract  between  the  Cape 
F'fiir  &tA  Xeu%  rirers.  where  its  easterly  extension  declines  to  50  feet. 

Thh  largf-et  areas  of  the  Wicomico  terrace  are  found  between  the 
CLowan  aod  Roanoke  rivers  in  Bertie,  Hertford,  and  Northampton 
couLties;  between  the  Roanoke  and  Tar  rirers  in  Halifax^  Edgecombe, 
aijd  Martin  counties;  between  the  Tar  and  Xeuse  rivers  in  Pitt  and 
Grr^-Le  counties;  Ijetween  the  Xeuse  and  Cape  Fear  rivers  in  Lenoir, 
Craveij,  Jones,  Duplin.  Onslow,  Pender,  and  Bladen  counties;  and 
fcouth  of  the  Cape  Fear  between  the  Waccamaw  and  Lumber,  chiefly  in 
Coliirxibu?  County.  Much  the  largest  area  is  between  the  Xeuse  and 
Ca[K'  F^ar  rivers,  this  great  interstream  area,  many  hundreds  of  square 
mil'-*  in  area  and  over  40  miles  in  width,  being  poorly  drained  and  with 
fe'fveral  great  swamps  on  its  surface.  Here  are  found  the  Great  Dover 
Swamp  of  Craven  and  Jones  counties,  the  Whiteoak  Pocoson  of  Jones 
and  Pender  counties,  the  Holly  Shelter  Swamp  of  Pender  County,  and 
the  large  "rwamp  tra^-ts  in  southern  Duplin  County.  To  the  north  of 
the  Xeuse  River  the  areas  are  smaller  and  more  largely  dissected  and 
the  Kiirface  has  lx*n  more  fully  drained.  Even  here,  especially  in  the 
extensive  area  between  the  Roancke  and  Chowan  rivers,  numerous 
swamps  are  found. 

The  Chowan  Terrace. — The  Talbot  terrace  of  Maryland  may  be  di- 
vided into  two  terraces  in  Xorth  Carolina.    Thev  are  called  the  Chowan 

t. 

and  Pamlioo  terraces,  from  formations  of  the  same  names  described  in 
later  pages  of  this  report.  The  Chowan  terrace  lies  to  the  east  of  the 
Wicomico  terrace  and  also  extend.^  as  reentrants  up  many  of  the  river 
channels,  in  some  instances  cutting  entirely  across  the  Wicomico  terrace 
to  thf*  Sunderland  terrace,  thus  breaking  the  continuity  of  the  former. 
The  Chowan  terrace,  like  the  Wicomico  terrace,  becomes  more  pro- 
nounced southward  until  it  covers  the  larger  part  of  Xew  Hanover  and 
Brunswick  counties  and  the  adjacent  portions  of  Columbus,  Bladen, 
and  Pender  counties.  Farther  to  the  northward  it  is  found  extensively 
dfvf'loped  in  Onslow,  Jones,  and  Pamlico  counties  and  in  adjacent  por- 
tions of  Carteret  and  Craven  counties.  Still  farther  northward  it  ap- 
pears in  Beaufort,  Pitt,  and  Martin  counties,  and  extending  up  the  Tar 
River  valley  into  Edgecombe  County.  It  is  also  found  extending  from 
Martin  and  Bertie  counties  on  either  side  of  the  Roanoke  River  valley 
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into  Halifax  and  I^^orthampton  counties.  It  likewise  covers  consider- 
able areas  in  Hertford,  Chowan,  and  Gates  counties,  both  to  the  east 
and  west  of  the  Chowan  River  valley.  Along  the  eastern  margin  of 
the  Wicomico  terrace,  from  which  it  is  often  separated  by  a  pronounced 
escarpment,  it  has  an  elevation  of  from  40  to  50  feet  which  up  the 
reentrant  valleys  often  rises  to  60  feet  or  more  in  elevation.  It  gradu- 
ally declines  eastward  to  about  30  feet  near  its  seaward  face.  It  has  a 
"vvidth  of  20  to  25  miles,  somewhat  more  in  the  south  than  in  the  north, 
where  it  is  also  much  more  dissected  than  the  Pamlico  terrace.  The 
larger  areas  in  the  southern  counties  are  also  on  the  whole  less  fully 
drained  than  in  the  north.  In  Columbus  and  Brunswick  counties  ex- 
tensive swamps  are  found,  including  Green  Swamp,  a  large  undrained 
area  containing  Waccamaw  Lake. 

The  Pamlico  Terrace. — The  Pamlico  terrace  covers  a  large  area  to 
the  east  of  the  Chowan  in  the  northern  coastal  counties  to  the  north  of 
Cape  Lookout,  while  to  the  south  of  this  point  it  is  continued  only  in 
a  narrow  belt  along  the  coast.  In  the  valley  of  the  IsTeuse  and  farther 
northward,  especially  in  the  Pamlico,  Roanoke,  and  Chowan  valleys,  it 
extends  as  deep  reentrants  up  the  channels  of  the  several  streams.  It  cov- 
ers the  entire  area  of  Hyde,  Dare,  Tyrrell,  Currituck,  Camden,  and  Pas- 
quotank, together  with  much  of  Perquimans,  Chowan,  Washington,  Beau- 
fort, Pamlico,  Craven,  and  Carteret  counties.  Its  elevation  along  the  base 
of  the  Chowan  escarpment  is  about  20  feet,  from  which  point  it  slopes 
eastward  to  almost  tide-level,  and  in  the  outer  tier  of  counties  in  places 
seems  to  merge  into  the  Recent  deposits.  The  surface  of  the  Pamlico 
terrace  is  covered  over  wide  areas  with  swamps  and  marshes  and  em- 
braces many  estuaries,  sounds,  and  bays.  Many  of  the  swamps  along 
the  rivers  are  on  the  Pamlico  surface,  as  are  also  the  Great  Dismal 
Swamp  of  southern  Virginia  and  northern  Xorth  Carolina  and  the 
remarkable  Mattamuskeet  Lake  of  Hyde  County,  which  is  16  miles  long 
by  5  miles  broad  and  has  a  depth  of  only  4  feet.  The  lower  elevations 
of  the  Pamlico  are  also  extensively  covered  with  peaty  bogs  which  may 
well  prove  of  economic  significance.  The  width  of  the  Pamlico  terrace 
exceeds  50  miles  between  Pamlico  and  Albemarle  sounds.  In  the  south- 
ern part  of  the  State,  in  IsTew  Hanover  and  Brunswick  counties,  on  the 
other  hand,  it  is  a  very  narrow  strip  and  is  confined  to  the  lower  courses 
of  the  Cape  Fear  and  Xortheast  Cape  Fear  rivers. 

THE  BEACHES,   REEFS,   SPITS,    AND   SAND  DUNES. 

The  coastal  border  contains  beaches,  reefs,  spits,  and  sand  dunes. 
The  inner  beaches  are  narrow  and  sandy  and  frequently  along  the 
sounds  are  simply  swampy  lands  that  extend  gradually  below  water 
level.     They  have  been  everyw^here  protected  from  the  action  of  the 


32  THE  COASTAL  PLAIN  OF  NORTH  CAROLINA. 

open  sea  by  an  almost  continuous  series  of  low-lying  islands  that  accom- 
pany the  entire  coast  from  the  Virginia  to  the  South  Carolina  line  as 
fringing  reefs.  These  reefs  are  built  up  on  the  floor  of  the  submarine 
division  of  the  Coastal  Plain,  where  the  currents  have  deposited  mate- 
rials brought  down  by  the  streams  and  where  its  breakers  and  under- 
tow, by  their  mutual  reaction,  have  caused  a  great  reef  to  be  heaped  up 
parallel  to  the  general  trend  of  the  shore  line.  Cobb,*  in  describing  the 
reefs,  says : 

"The  strong  winds  of  midwinter  come  from  the  north,  and  the  gentler 
steady  winds  of  midsummer  and  of  tiie  greater  part  of  tlie  year  hlow  usually 
from  a  little  west  of  south.  ♦  ♦  *  The  strong  north  winds  pile  the  sands 
up  into  great  barchanes  or  medanoes,  crescentic  sand  dunes  known  locally 
as  whaleheads,  which  are  moving  steadily  southward.  These  are  l>est  de- 
veloped along  the  Currituck  Banks,  from  Virginia  as  far  south  as  the  Kill 
Devil  Hills,  and  numbers  of  them  may  be  seen  to  the  north  and  to  the  south 
from  the  top  of  Currituck  Light.  These  whaleheads  are  composed  of  singularly 
homogeneous  blown  sands,  the  horns  or  cusps  of  the  barchanes  pointing  to 
leeward,  which  is  almost  due  south. 

"The  prevailhig  winds  from  a  little  west  of  south  have  rippled  the  hetero- 
geneous sands  on  Hatteras  just  south  of  the  cape,  on  Shackleford  at  its  south- 
west extremity,  and  on  the  southwest  side  of  Smith's  Island.  These  wind 
ripples,  starred  in  sands  exposed  by  the  removal  of  a  strip  of  forest  next 
to  the  shore,  have  grown  in  size  to  great  sand  waves,  which  are  advancing 
on  forests,  fields,  and  homes.  As  the  sand  wave  has  advanced  it  has  taken 
up  several  feet  of  the  loose  soil  over  which  it  has  passed,  undermining  houses, 
laying  bare  the  roots  of  trees,  and  exposing  the  bones  of  the  dead  in  the 
cemeteries. 

"Diurnal  winds  from  the  sea  have  piled  the  sands  into  small  wandering 
dunes  and  hillocks,  and  even  sometimes  into  sand  waves,  which  are  marching 
steadily  inward  and  shoaling  the  waters  of  the  sounds.  At  Nag's  Head  a  large 
hotel,  constituting  a  solid  obstruction,  soon  had  a  sand  wave  built  up  a  short 
distance  in  its  rear  until  the  level  of  its  roof  was  reached,  when  the  wave 
moved  forward  and  engulfed  the  hotel.  In  the  immediate  neighborhood  two 
cottages  suffered  a  similar  fate.  Here  the  land  gained  on  the  sound  SoO  feet 
in  ten  years. 

"On  the  northern  end  of  Hatteras  Island  a  fishing  village  has  been  similarly 
burifHl,  while  the  sand  has  entirt»ly  crosstnl  the  island  at  several  places  north 
of  the  cape.  This  movement  of  the  sand  was  started  just  after  the  Civil  War 
by  the  cutting  of  trees  next  the  shore  for  ship  timl)ers,  and  the  section  is 
still  known  as  The  Great  Woods,  though  not  a  stick  of  timber  stands  upon  it 
to-day.  Pnmlico  Sound  for  two  miles  from  the  Hatteras  shore  is  growing 
steadily  shallower  from  the  deposit  of  blown  sand. 

"On  Smith's  Island  a  pilot's  village  has  been  buried  beneath  the  sand  wave 
for  a  number  of  years,  but  this  has  been  quite  recently  resurrected  and  its 
houses  are  again  occupied.  On  Currituck,  below  CafTey's  Inlet  life-saving 
station,  the  sand  has  advanced  entirely  across  the  land,  and  one  man,  moving 
before  the  advancing  sand,  has  at  last  built  his  house  on  piles  in  the  sound. 
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"The  writer  has  found  by  experiment  that  heterogeneous  sands,  consisting 
essentially  of  quartz,  orthoclase,  some  mica,  iron,  bits  of  shell,  and  many 
mineral  substances,  showing  little  if  any  decomposition,  ripple  readily  in  the 
wind  and  are  easily  arrested  *  *  *  ;  but  so  far  he  has  found  no  means  of 
checking  the  movement  of  homogeneous  sands  that  do  not  ripple,  these  con- 
sisting entirely  of  well-rounded  and  wind-sorted  quartz  grains  of  the  same 
size  throughout  a  single  dune.  ♦  ♦  ♦  As  already  pointed  out,  the  movement 
of  these  sands  was  in  every  case  started  by  the  deforesting  of  a  strip  of  land 
next  the  shore;  but  in  several  instances  nature  has  herself  grown  forests  on 
dune  sands.  Above  Kitty  Hawk  Bay  large  dunes  are  covered  with  a  growth  of 
pine,  maple,  oak,  cedar,  sassafras,  elm,  locust,  beech,  persimmon,  sycamore, 
hickory,  and,  in  the  damp  interdune  areas,  gums  and  cypresses.  Here  are 
many  veteran  pines,  some  of  them  having  attained  a  diameter  of  three  feet. 
An  essentially  similar  forest  is  found  growing  on  the  high  dunes  to  the  south- 
west of  Cape  Hatteras,  but  here  we  have  to  add  the  olive  to  the  list,  and 
there  are  broad  interdune  palmetto  swamps. 

"On  Bogue  Banks,  where  deforesting  has  only  just  Ijegun  at  two  points,  we 
have  20  miles  of  woodland,  the  virgin  forest  extending  down  to  the  water's 
edge  and  preventing  the  formation  of  dunes. 

"From  Southport  westward  into  South  Carolina  the  dunes  have  moved 
northward  and  inland,  in  some  places  completely  filling  the  lagoons.  At  one 
point  such  a  filled  lagoon  has  produced  a  pine  forest  in  something  more  than 
forty  years. 

"The  checking  of  these  moving  dunes  presents  a  problem  of  increasing  im- 
portance, not  only  to  the  inhabitants  of  these  sand  keys,  but  to  the  navigators 
of  the  inland  waterways  as  well." 

The  reefs  reach  a  very  much  higher  elevation  than  the  adjacent  main- 
land. The  great  dunes  formed  on  these  redfs  attain  in  Dare  County, 
in  the  Kill  Devil  Hills  near  CoUington,  an  elevation  of  100  feet  or 
more,  the  sand  being  driven  from  them  gradually  shallowing  Pamlico 
Sound.  At  many  other  points  along  the  reefs  the  dunes  reach  50  to  75 
or  more  feet  in  elevation.  Many  such  elevations,  both  large  and  small, 
are  found  on  the  Currituck  banks  in  Currituck  County. 

From  some  points  spits  are  developed  by  the  shore  currents,  notably 
from-  Cape  Lookout  southward. 
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INTRODUCTION. 
By  Wm.  Bullock  Clark. 

The  geology  of  North  Carolina  as  well  as  its  physiography  shows  an 
intimate  relationship  to  the  adjacent  areas  on  the  north  and  south,  so 
that  its  complete  interpretation  can  be  gained  only  by  taking  into  con- 
sideration the  great  eastern  border  region  of  which  the  State  is  not  only 
geographically  but  geologically  a  part.  Frequent  references  will,  there- 
fore, be  made  in  the  succeeding  pages  to  the  general  distribution  and 
relations  of  the  geological  formations  found  represented  within  the 
limits  of  the  State,  although  the  detailed  description  will  be  confined  to 
those  features  particularly  characteristic  of  the  North  Carolina  area. 
The  most  ancient  rocks  which  make  up  the  earth's  crust  as  well  as  those 
still  in  the  process  of  deposition  are  found  within  the  State's  confines, 
while  between  these  wide  limits  there  is  hardly  an  important  geological 
epoch  which  is  not  represented. 

Geology  in  its  broadest  aspects  must  be  regarded  as  the  science  of 
the  earth  from  its  earliest  beginnings  down  to  the  present  day,  and  as 
such  stands  in  close  relationship  to  the  science  of  astronomy  in  its  study 
of  the  origin  of  the  solar  system.  In  the  absence  of  any  other  satis- 
factory theory,  most  geologists  to-day  accept  the  nebular  hypothesis  of 
Kant  and  Laplace  to  explain  the  evolution  of  the  solar  system.  Ac- 
cording to  this  hypothesis,  the  solar  system  was  developed  from  a  mass 
of  nebulous  matter,  w^hich  extended  far  beyond  the  present  orbit  of  the 
most  distant  planet,  and  was  rotating  slowly  in  the  direction  in  which 
the  planets  now  rotate.  As  a  result  of  rotation  this  mass  gradually 
contracted  and  increased  in  speed  of  rotation.  It  was  formerly  thought 
that  successive  rings  were  throwTi  off  which  broke  and  contracted  into 
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the  present  planets;  but  by  analogy  with  the  many  nebula  which  have 
become  known  in  the  last  fifty  years,  it  is  now  thought  more  probable 
that  the  planets  originated  in  special  points  of  condensation  of  the 
nebula.  Comparisons  of  the  spectra  of  the  comets  and  nebulae  with 
those  of  meteors  led  Sir  Xorman  Lockyer  to  the  view  that  these  bodies 
were  made  up  of  swarms  of  meteors  whose  temperature  was  raised  by 
impact  among  themselves;  and  he  contended  that  the  solar  system  had 
its  origin  in  such  a  swarm.  Prof.  George  H.  Darwin  showed  that  such 
a  swarm  would  probably  act  practically  like  a  mass  of  gas  and  that  the 
solar  system  under  this  hypothesis  would  develop  in  exactly  the  same 
way  as  under  the  hj'pothesis  of  a  gaseous  origin,  a  high  temperature 
being  caused  by  the  impact  of  the  meteors  analogous  to  that  produced 
by  the  contraction  of  the  gas.  This  modification  of  the  nebular  hypoth- 
esis does  not  require  any  material  change  in  the  history  of  the  solar 
system.  As  contraction  and  condensation  proceeded,  the  ancestors  of 
the  planets  became  hotter  and  hotter,  and  finally  reached  a  stage  like 
that  of  our  present  sun ;  as  they  became  still  denser,  their  power  of  con- 
densation diminished,  and  their  comparatively  small  masses  have  al- 
lowed them  to  cool  sufficiently  to  become  solid,  though  the  immense  sun 
still  retains  enough  heat  to  keep  it  in  a  gaseous  or  liquid  state.  In  the 
case  of  the  earth,  as  it  continued  to  cool  it  is  probable  that  the  solid 
rock  first  formed  at  the  surface,  but  on  account  of  its  greater  density, 
sank  through  the  underlying  liquid,  and  gradually  built  up  a  solid  foun- 
dation from  the  center  to  the  surface.  The  very  small  conductivity  of 
rock  for  heat  has  only  allowed  'a  very  thin  shell  of  the  earth  near  the 
surface  to  cool  appreciably  below  the  temperature  at  which  it  first  solidi- 
fied. This  view  has  been  largely  strengthened  by  the  calculations  of 
Lord  Kelvin,  who,  assuming  that  heat  had  not  been  developed  within 
the  earth  since  its  solidification  in  sufficient  quantities  materially  to 
alter  the  temperature  gradient  near  the  surface,  showed  that  the  well- 
known  increase  of  temperature  underground  could  only  be  accounted 
for  on  the  supposition  that  the  earth  was  at  one  time  hot  enough  to  be 
liquid.  Within  a  few  years  Prof.  T.  C.  Chamberlain  has  advanced  the 
suggestion  that  the  earth  was  built  up  by  the  accumulation  of  meteors 
which  fell  at  such  a  slow  rate  that  the  heat  of  impact  was  dissipated 
pari  passu,  and  that  the  internal  heat  of  the  earth  is  due  to  the  com- 
pression of  the  earth  under  the  weight  of  its  own  parts.  Still  more 
recently  Prof.  E.  Rutherford  has  suggested  that  the  internal  heat  is  pro- 
duced by  the  radio-active  substances  distributed  throughout  the  earth, 
and  the  Hon.  R.  J.  Strutt  has  shown  that  it  is  only  necessary  for  these 
substances  to  be  distributed  to  a  depth  of  45  miles  with  the  density  they 
have  at  the  surface  to  account  for  the  observed  heat.     The  last  two 
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hypotheses  deny  the  assumption  which  is  the  hasis  of  Lord  Kelvin's 
calculations,  and  thus  cast  discredit  on  the  resulting  age  of  the  earth; 
hut  under  any  hypothesis  we  are  forced  to  helieve  that  many  millions  of 
years  have  passed  since  life  first  appeared  on  the  earth.  We  get  still 
further  conception  of  the  vast  lapses  of  time  which  thesd  early  rocks 
imply,  when  we  discover  that,  even  after  the  waters  had  become  suited 
for  living  beings,  a  greater  part  of  the  development  and  differentiation 
of  organic  life  went  on  in  forms  which  have  left  no  trace  of  their  exist- 
ence. Hardly  a  more  remarkable  fact  confronts  us  in  geology  than  the 
variety  and  the  complexity  of  types  in  the  earliest  rocks  which  contain 
any  trace  of  life  at  all.  The  fact  which  is  all  the  more  remarkable  for 
being  attested  by  the  best  evidence  from  all  parts  of  the  earth's  surface, 
compels  us  to  assign  to  the  history  of  life  before  its  first  permanent 
record  was  made,  a  longer  period  perhaps  than  all  the  time  that  has 
since  elapsed,  unless  the  view  more  recently  advanced,  that  acceleration 
of  development  took  place  in  the  case  of  the  earliest  sea-floor  dwellers, 
is  shown  to  be  true.  The  earlier  forms  were  either  unsuited  for  preser- 
vation or  else  they  have  been  obliterated  in  the  subsequent  alteration 
of  the  rocks  containing  them. 

All  of  the  oldest  rocks  which  are  to-day  entirely  without,  or  with  only 
slight  traces  of  former  life,  are  referred  to  the  first  great  division  of 
geological  history  called  Archean  Time.  These  oldest  rocks  are  largely 
crystalline  in  character,  so  that  there  can  be  but  little  chance  of  encoun- 
tering organic  forms,  even  had  they  earlier  existed  in  the  strata.  Even 
the  least  altered  deposits,  although  they  have  afforded  a  few  scattered 
remains  of  archaic  forms  at  certain  points,  contain  nothing  more  than 
the  merest  traces  of  the  organisms  of  this  early  time. 

When,  however,  life  does  once  appear  in  all  its  variety,  it  is  well-nigh 
the  same  in  all  the  older  rocks.  In  the  most  widely  separated  localities 
the  same  types  occur  in  rocks  of  the  same  age,  and  this  furnishes  us  with 
the  key  to  the  succession  of  deposits.  From  the  time  when  the  oldest 
fossil-bearing  stratum  was  deposited  until  now,  the  story  of  life-progress 
and  development  is  told  by  the  rocks  with  sufficient  clearness  to  be 
immistakable.  Local  differences  of  conditions  have  probably  always 
prevailed,  as  they  do  now,  but  the  same  types  of  organisms  have  always 
lived  at  the  same  time  over  the  entire  globe,  so  their  remains  serve  as 
sufficient  criteria  for  the  correlation  of  the  strata  which  contain  thera. 
The  sequence  of  life  forms  once  made  out  gives  us,  for  the  whole  earth, 
the  means  for  fixing  the  order  of  deposits,  even  when  this  is  most  pro- 
foundly disarranged  by  foldings  of  the  strata  into  mountains  or  by  other 
earth  movements. 
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Greologists  distinguish  three  principal  divisions  in  the  history  of  life 
as  read  in  the  record  of  the  rocks.  During  the  earliest  of  these  great 
time  divisions,  archaic  forms  of  life  flourished — uncouth  fishes,  crus- 
taceans, moUusks,  and  tree-ferns — ^most  of  them  very  unlike  those  now 
extant.  On  this  account  this  is  known  as  the  period  of  most  ancient 
life,  or  Paleozoic  Time.  To  this  succeeded  a  long  lapse  of  ages  when 
enormous  reptiles  predominated,  associated  with  other  types  more  like 
those  that  now  inhabit  the  globe.  To  this  is  given  the  name  of  middle 
life,  or  Mesozoic  Time.  Finally,  living  things  began  to  assume  the 
form  and  appearance  with  which  we  are  familiar,  so  that  this  last  grand 
time  division,  which  includes  the  present,  is  designated  as  the  period  of 
recent  life,  or  Cenozoic  Time, 

Each  of  these  three  grand  divisions  of  geologic  time  is  in  its  turn 
separated  into  shorter  subdivisions  called  Periods,  characterized  by  their 
own  peculiar  types  of  life ;  and  the  several  periods  themselves  are  divided 
into  Epochs,  which  vary  more  or  less  in  character  according  to  the 
r^ion  where  they  are  developed.  For  this  reason  the  chronological  and 
stratigraphical  divisions  require  an  independent  nomenclature,  although 
this  duality  of  geological  classification  can  in  most  instances  be  readily 
adjusted  to  the  contingencies  of  each  district.  The  stratigraphical  divi- 
sions are  usually  designated  by  local  terms. 

There  are  representatives  not  only  of  each  of  these  great  time  divi- 
sions in  N'orth  Carolina,  but  also  of  most  of  the  periods  as  well  as  of 
many  of  the  epochs. 

The  Piedmont  Plateau  and  Appalachian  Region  contain  representa- 
tives of  the  Archean,  Paleozoic,  and  earliest  period  of  the  Mesozoic, 
while  the  Coastal  Plain  contains  representatives  of  the  latest  period  of 
the  Mesozoic  and  the  Cenozoic.  The  following  tables  give  the  sequence 
of  Coastal  Plain  formations  of  North  Carolina  described  in  detail  in 
later  pages : 

CENOZOIC. 

QUATEBNABY : 

Recent, 

Pleistocene — Pamlico 
Chowan 

Wicomico      ^  Columbia  Group. 

Sunderland 

Coharie 
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Tertiary  : 


Pliocene —  Lafayette 

Waccamaw. 

Miocene — Yorktown 


I  north  of  Hatteras  axis. 
St.  Marys  r 

Duplin  (south  of  Hatteras  axis). 


Eocene — Castle  Hayne. 
Trent. 

MESOZOIC. 

Cretaceous  : 

Upper  Cretaceous — Peedee. 

Black  Creek. 

Lower  Cretaceous — Patuxent. 

These  Coastal  Plain  formations  stand  in  marked  contrast  to  the  for- 
mations in  other  parts  of  the  State,  in  that  they  have  been  but  slightly 
changed  since  they  were  deposited.  Laid  down  one  upon  another  along 
the  eastern  flank  of  the  Piedmont  Plateau  when  the  sea  occupied  the 
present  area  of  the  Coastal  Plain,  these  later  sediments  form  a  series 
of  thin  sheets  which  are  inclined  slightly  seaward,  so  that  successively 
later  formations  are  generally  encountered  in  passing  from  the  inland 
border  of  the  region  toward  the  coast.  Oscillation  of  the  sea  floor  with 
considerable  variation  both  in  the  angle  and  direction  of  tilting  went 
on,  however,  during  the  periods  of  Coastal  Plain  deposition,  with  the 
result  that  the  stratigraphic  relations  of  these  formations,  which  gen- 
erally have  been  held  to  be  of  the  simplest  character,  possess  in  reality 
much  complexity.  Viewing  the  Coastal  Plain  as  a  whole,  we  find  at  no 
place  accessible  to  our  study  a  complete  sequence  of  deposits,  although 
sedimentation  must  have  been  going  on  continuously  along  the  conti- 
nental shelf.  The  incompleteness,  therefore,  must  be  regarded  as  a 
purely  marginal  condition  due  to  the  retrogressions  and  transgressions 
of  the  sea  along  the  coastal  border. 

It  is  not  uncommon  to  find  in  any  particular  region  marked  breaks  in 
the  sequence  of  sedimentation,  the  absent  members  being  present  per- 
haps only  a  short  distance  away.  A  number  of  instances  of  this  kind 
are  shown  in  the  Coastal  Plain  district  of  ^orth  Carolina,  which  lack 
formations  that  appear  in  Virginia  on  the  north  and  South  Carolina  on 
the  south,  while  formations  found  in  !N^orth  Carolina  are  lacking  in 
those  States.  !Not  only  is  this  true  as  regards  IsTorth  Carolina  and  adja- 
cent States,  but  also  in  different  portions  of  the  l^orth  Carolina  Coastal 
Plain  itself,  particularly  when  the  region  to  the  north  of  the  Hatteras 
axis  is  compared  with  that  to  the  south,  which  will  be  fully  discussed 
in  a  later  portion  of  this  report. 
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A  brief  discussion  of  the  main  divisions  of  the  Coastal  Plain  is  pre- 
sented here  preliminary  to  the  detailed  descriptions  which  will  follow. 

MESOZOIC. 

TKe  Mesozoic  formations  are  the  basal  deposits  of  the  Coastal  Plain, 
and  they  consist  chiefly  of  sands,  clays,  and  marls,  for  the  most  part 
unconsolidated.  They  include  strata  of  Cretaceous  age  and  certain 
basal  beds  that  may  be  possibly  Tipper  Jurassic,  although  there  seems 
to  be  a  growing  belief  on  the  part  of  geologists  and  paleontologists  that 
the  Mesozoic  deposits  of  the  Coastal  Plain  may  \>e  wisely  considered  as 
of  Cretaceous  age  throughout,  notwithstanding  the  claims  hitherto  made 
by  certain  leading  authorities  in  vertebrate  paleontology  that  the  rep- 
tilian remains  of  the  lower  beds  are  Jurassic  in  their  affinities. 

CRETACEOUS. 

The  Mesozoic  deposits  will  be  considered  in  subsequent  pages  to  be- 
long entirely  to  the  Cretaceous  period.  They  constitute  the  largest  ele- 
ment in  the  Coastal  Plain  series.  The  formations  represent  both  the 
Lower  and  Upper  Cretaceous. 

Lower  Cretaceous. 

The  Lower  Cretaceous  is  represented  from  Maryland  southward  to 
the  Gulf  by  formations  consisting  of  gravels,  sands,  and  clays.  The 
arenaceous  beds  are  often  arkosic  throughout  this  region  and  the  de- 
posits are  stained  by  the  hydrous  oxides  of  iron  and  in  some  instances 
cemented  to  form  a  sandstone.  They  are  extensively  cross-bedded. 
The  clays,  which  are  at  times  very  plastic  and  at  other  times  more  or 
less  arenaceous,  occur  in  large  and  small  lenses.  They  have  been  ex- 
tensively employed  for  economic  purposes  and  many  industries  are 
based  on  them.  Lignitic  deposits  frequently  occur,  and  to  the  north 
iron  ore  beds  also  are  found,  which  in  Maryland  were  the  chief  source 
of  the  iron  of  colonial  days. 

The  fossils  of  the  Lower  Cretaceous  consist  of  dinosaurian  and  plant 
remains,  the  latter  being  mainly  ferns,  cycads,  and  conifers  in  the  lower 
beds,  with  an  increasing  number  of  conifers  toward  the  top  of  the  series. 

The  Lower  Cretaceous  deposits  in  Xorth  Carolina  are  confined  to 
the  Patuxent  formation,  which  consists  of  clays  and  sands,  the  latter 
prevailingly  arkosic.  A  small  amount  of  lignite  has  also  been  observed. 
'So  determinable  fossils  have  been  secured. 
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Upper  Cretaceous, 

Upper  Cretaceous  deposits  are  found  from  Massachusetts  and  the 
islands  off  the  south  coast  of  New  England  to  the  Gulf.  They  consist 
of  gravels,  sands,  clays,  and  marls,  the  latter  frequently  glauconitic. 
The  lower  portions  of  the  Upper  Cretaceous  series,  although  uncon- 
formable everywhere  so  far  as  known  to  the  underlying  Lower  Creta- 
ceous formations,  are  not  unlike  the  older  deposits  in  many  respects, 
although  in  general  less  arkosic.  The  fossils  are  chiefly  the  remains  of 
dicotyledonous  types  of  plant  life. 

The  higher  beds  are  widely  glauconitic,  are  rarely  cross-bedded  and 
at  times  contain  such  a  large  admixture  of  shell  remains  as  to  be  highly 
calcareous,  such  deposits  in  places  becoming  indurated  to  form  lime- 
stone ledges.  The  fossils  in  these  upper  beds  consist  largely  of  the 
remains  of  dinosauria,  moUusca,  bryozoa,  brachiopoda,  echinodermata, 
and  foraminifera.  At  some  points  an  intergradation  of  the  lower  into 
the  upper  type  of  deposit  appears,  while  at  other  points  the  change  is 
clearlv  marked. 

The  Upper  Cretaceous  deposits  in  North  Carolina  have  been  divided 
into  two  formations  known  under  the  names  of  Black  Creek  and  Pfedee, 
the  former  consisting  of  sands  and  clays  thinly  laminated,  with  inter- 
stratified  beds  of  marl  in  the  upper  portions,  and  the  latter  consisting 
largely  of  argillaceous  sands,  more  or  less  glauconitic,  and  with  beds 
here  and  there  highly  calcareous.  The  fossils  of  the  Black  Creek  for- 
mation consist  of  plant  remains,  especially  of  conifers  and  dicotyledons, 
and  in  the  upper  beds  also  of  dinosaurian  bones  and  coprolites,  fish 
teeth  and  molluscan  shells.  The  fossils  of  the  Peedee  sand  consist  of 
reptilian  bones  and  fish  teeth  and  the  remains  of  mollusca,  bryozoa, 
echinodermata,  foraminifera,  and  other  groups,  showing  a  distinctly 
marine  facies. 

CENOZOIC. 

The  Cenozoic  deposits  overlie  the  Mcsozoic  formations,  and  although 
collectively  possessing  less  thickness  than  the  underlying  Mesozoic,  are 
much  more  conspicuous  in  surface  outcrop  than  the  older  beds.  Like 
the  latter,  they  consist  chiefly  of  sands,  clays,  and  marls;  but  as  their 
origin  is  in  most  instances  different,  they  are  commonly  distinct  in  lith- 
ologic  character.  The  older  Cenozoic  beds  are  in  places  strikingly  sim- 
ilar to  the  later  Mesozoic,  but  the  later  Cenozoic  deposits  are  quite  dif- 
ferent. The  sands,  except  in  the  very  latest  Cenozoic  formations,  are 
rarely  cross-bedded  and  the  arkosic  character  is  absent.  The  beds,  how- 
ever, are  prevailingly  unconsolidated,  although  ferruginous  and  calca- 
reous strata  now  and  then  occur. 
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TERTIARY. 


The  Tertiary  deposits  consist  of  sands,  clays,  and  marls,  the  last  being 
highly  glauconitic  at  the  lowest  horizons  and  calcareous  higher  in  the 
series.  They  represent  the  Eocene,  Oligocene,  Miocene,  and  Pliocene 
periods.  Oligocene  strata  are  apparently  absent  from  the  middle  and 
northern  Coastal  Plain  regions,  and  therefore  will  not  be  further  con- 
sidered in  this  connection. 

Eocene, 

Deposits  representing  different  horizons  of  the  Eocene  are  found 
scattered  more  or  less  irregularly  either  along  the  eastern  margin  of 
the  Cretaceous  formations  or  as  the  result  of  transgression  as  iso- 
lated outcrops  on  the  surface  of  the  Cretaceous  or  even  beyond  the 
latter  on  the  crystalline  rocks  of  the  Piedmont  Plateau.  The  older 
Eocene  deposits,  which  are  largely  sands,  are  highly  glauconitic,  in 
this  respect  showing  a  marked  similarity  to  the  Cretaceous  beds  be- 
low. The  later  Eocene  deposits  lose  their  glauconitic  character  and 
become  often  highly  calcareous,  the  materials  frequently  being  indurated 
by  the  calcareous  cement.  A  profuse  infralittoral  fauna,  chiefly  repre- 
senting the  mollusca,  bryozoa,  echinodermata,  zoantharia  and  forami- 
nifera  with  fish  teeth  and  reptilian  bones  and  coprolites,  is  found. 

The  Eocene  deposits  of  North  Carolina  consist  of  the  later  facies  of 
Eocene  sedimentation.  They  are  highly  calcareous  and  often  indurated 
and  occur  irregularly  scattered  over  the  surface  of  the  Cretaceous  for- 
mations and  even  transgressing  the  latter  onto  the  Piedmont  Plateau. 
They  often  occur  in  depressions  in  the  Cretaceous  surface  where  they 
have  withstood  the  erosion  to  which  the  rest  of  the  deposits  have  been 
subjected,  since  there  is  every  reason  to  believe  that  the  Eocene  beds 
had  a  much  wider  extent  formerly  and  that  the  present  isolated  outcrops 
are  merely  remnants  of  a  continuous  or  nearly  continuous  sheet.  The 
Eocene  deposits  of  North  Carolina  are  all  to  the  south  of  the  Hatteras 
axis,  as  far  as  known.  They  are  divided  into  the  Trent  and  Castle 
Hayne  formations,  the  relations  of  which  are  unknown  from  any  ob- 
served contact,  except  in  a  single  well  boring,  but  they  are  probably 
unconformable,  just  as  the  Eocene  deposits  are  unconformable  every- 
where in  North  Carolina  to  the  underlying  Cretaceous.  Fossils  of  in- 
fralittoral marine  types  are  numerous,  although  the  molluscan  forms 
are  with  difficulty  determined  because  they  occur  largely  as  imperfect 

cast-s. 

Miocene. 

Miocene  deposits  constitute  a  thick  mantle  over  the  eastern  margin 
of  the  older  formations  throughout  much  of  the  Coastal  Plain  area  and 


42  THE  COASTAL  PLAIN  OF  NORTH  CAROLINA. 

in  some  places  transgress  them  onto  older  formations.  They  are  uncon- 
formable to  the  underlying  Eocene.  The  Miocene  deposits  consist  of 
sands,  clays,  marls,  and  diatomaceous  earth  beds.  Glauconitic  mate- 
rials are  rarely  found,  and  when  found  are  probably  derived  from  older 
formations.  The  diatomaceous  earth  is  most  strikingly  developed  in 
the  basal  Miocene  formations  of  Virginia  and  Maryland,  where  it  has 
been  known  as  "Richmond  earth."  The  calcareous  marls  are  at  times 
cemented  into  limestone  ledges.  The  fossils  consist  chiefly  of  littoral 
and  infralittoral  forms  in  which  the  cetacea,  moUusca,  bryozoa,  echino- 
dermata,  zoantharia,  foraminifera,  and  diatomaoea  are  chiefly  repre- 
sented. 

The  Miocene  deposits  of  Xorth  Carolina  belong  to  the  later  facies  of 
Miocene  sedimentation,  the  littoral  phase  being  well  developed  in  the 
Yorktown  formation  to  the  north  of  the  Hatteras  axis  and  in  the  Duplin 
formation  to  the  south  of  the  Hatteras  axis,  where  the  shell  remains 
are  much  broken  by  wave  action.  In  the  underlying  St.  Marys  forma- 
tion of  the  former  area — the  only  other  Miocene  formation  found  in 
Xorth  Carolina — the  moderately  fine  argillaceous  sands  are  of  a  dis- 
tinctly infralittoral  character.  They  rest  unconformably  on  Eocene  or 
Cretaceous  beds  as  the  case  may  be.  The  fossils  of  the  North  Carolina 
Miocene  are  varied  and  numerous. 

Pliocene. 

Pliocene  or  supposed  Pliocene  deposits  of  two  very  marked  types 
occur  in  the  Coastal  Plain  region.  The  first  is  an  infralittoral  marine 
deposit  not  known  with  certainty  to  occur  to  the  north  of  Cape  Hat- 
teras, although  a  detailed  study  of  well  borings  may  show  it  to  overlie 
the  Miocene  beds  toward  the  coast  beneath  the  mantle  of  Pleistocene 
deposits.  To  the  southward  this  phase  of  the  Pliocene  is,  however,  well 
developed  and  its  characters  are  not  unknown.  The  deposits  of  this 
type,  however,  lie  as  far  as  known  along  the  eastern  margin  of  the 
subaerial  division  of  the  Coastal  Plain  in  somewhat  detached  basins. 
It  is  called  the  Waccamaw  formation  in  North  Carolina,  where  it  is 
chiefly  found  in  the  region  near  the  mouths  of  the  Neuse  and  Cape 
Fear  rivers.  The  isolated  outcrops  are  probably  remnants  of  a  once 
continuous  deposit.  Whether  the  poorly  developed  Croatan  deposits 
should  be  included  cannot  be  determined  with  our  present  knowledge  of 
those  beds. 

The  second  phase  is  a  littoral  and  sublittoral  phase,  the  exact  age  of 
which  in  the  absence  of  fossils  has  never  been  satisfactorily  determined. 
It  is  evidently  of  late  Tertiary  or  early  Quaternary  time.  It  consists 
of  gravels,  sands,  and  loams  which  were  evidently  laid  down  close  to 
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land  the  border  of  which  it  enwrapped,  forming  a  terrace-like  deposit. 
This  formation  is  widely  known  to-day  as  the  Lafayette  formation  from 
the  Gulf  to  Pennsylvania,  where  the  last  remnants  occur.  In  North 
Carolina  the  Lafayette  is  largely  represented  in  the  "sandhills"  along 
the  eastern  margin  of  the  Coastal  Plain. 

QUATERNABV. 

The  Quaternary  deposits  south  of  the  terminal  moraine  of  the  conti- 
nental ice  sheet  consist  chiefly  of  the  great  Pleistocene  terraces  covering 
the  larger  portion  of  the  Coastal  Plain  area  and  the  Recent  beaches, 
sand  dunes,  bars,  and  spits  along  the  coastal  border.  Just  below  tide 
in  the  estuaries  and  along  the  coast  is  the  Recent  terrace  which  is  now 
in  process  of  formation  and  which  affords  such  convincing  proof  of 
what  transpired  during  preceding  Pleistocene  time  in  the  relatively 
slight  oscillations  to  which  the  Coastal  Plain  was  then  subjected. 

Pleistocene, 

The  Pleistocene  formations  of  the  Coastal  Plain  are  collectively 
known  as  the  Columbia  group.  With  the  exception  of  the  Recent  de- 
posits, they  are  the  youngest  of  the  Coastal  Plain  sediments.  They  lie 
on  the  surface  and  form  a  thin  m.antle  that  conceals  from  view  all  of 
the  older  formations  over  wide  areas.  Wherever  found  along  the  At- 
lantic border  south  of  the  terminal  moraine,  they  are  developed  as  more 
or  less  clearly  defined  terraces.  Throughout  the  northern  part  of  the 
region  three  well  marked  levels  appear,  while  in  North  Carolina  the 
upper  and  lower  show  subdivisions  indicating  intermediate  periods  of 
rest  in  the  oscillatory  movements  of  the  sea  in  this  area  that  have  not 
been  recognized  farther  northward.  The  deposits  consist  of  gravels, 
sands,  and  loams,  with  ice-borne  bowlders  adjacent  to  the  courses  of 
the  more  northern  streams. 

The  North  Carolina  Pleistocene  deposits  comprise  five  clearly  defined 
terrace  formations,  known  as  the  Coharie,  Sunderland,  Wicomico,  Cho- 
wan, and  Pamlico,  which  have  been  developed  at  successively  lower 
levels  throughout  the  Coastal  Plain  area  of  the  State.  The  Talbot 
formation  of  the  northern  Coastal  Plain  is  the  equivalent  of  the  Chowan 
and  Pamlico,  the  subordinate  terrace  levels  not  having  been  recognized 

in  the  more  northern  areas. 

Recent. 

The  Recent  formations  embrace,  first,  those  aqueous  deposits  that  are 
being  laid  down  to-day  over  the  submarine  portions  of  the  Coastal 
Plain  and  in  the  estuaries,  sounds,  bays,  and  lakes  and  along  the  various 
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streams,  and,  second,  such  terrestrial  deposits  as  dunes  and  humus.  In 
short,  all  deposits  which  are  being  formed  at  the  present  time  under 
water  or  on  the  land  by  natural  agencies  belong  to  this  division  of 
geological  time.  All  of  these  Recent  deposits  are  being  formed  in 
various  portions  of  the  Xorth  Carolina  Coastal  Plain  and  collectively 
afford  an  ever  increasing  volume  of  deposits  that  represent  the  influence 
of  the  forces  now  active. 
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1827. 

MrrcHELL,  Elisha. — Report  of  the  Geology  of  North  Carolina.  Conducted 
under  the  direction  of  the  Board  of  Agriculture.  Pt.  Ill,  Raleigh,  1827, 
27  pp. 
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»i 
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The  author  describes  green  sands  containing  fossil  wood  which  occur 
on  Neuse  River  in  Wayne  County.  Similar  materials  are  said  to  extend 
for  100  miles  along  the  river.  These  are  now  known  to  be  of  Cretaceous 
age  (pp.  98-99). 

Descriptions  are  given  of  the  [Eocene]  limestones  which  occur  along 
the  Trent  River,  in  Craven  and  Jones  counties,  in  the  Sarpony  Hills,  and 
at  Bass'  Ferry,  near  the  mouth  of  Falling  Creelc,  on  the  Neuse  River.  They 
have  been  burned  for  lime  or  used  for  construction  purposes.     He  also 
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describes  (Miocene)  materials  along  the  Neuse  River  below  New  Bern  and 
on  the  Tar  River,  near  Tarboro,  and  the  (Pliocene)  marl  along  the  Beau- 
fort Canal.  All  of  these  materials  are  described  merely  as  marls  or  lime- 
stones, with  no  discussion  of  their  age  or  correlation. 

Vanuxem,  Labdxeb. — See  S.  G.  Morton  (Geological  Observations  on  the  Sec- 
ondary, Tertiary,  and  Alluvial  Formations  of  the  Atlantic  Coast  of  the 
United  States  of  America), 

1828. 

MrrcHELL,  Elisha. — On  the  Character  and  Origin  of  the  Low  Country  of  North 
Carolina.    Amer.  Jour.  Sci.,  vol.  13,  pp.  336-347.  1S2S. 

The  author  combats  the  view,  apparently  common  at  that  time,  that  the 
Coastal  Plain  Materials  were  accumulated  by  the  currents  of  the  Gulf 
Stream,  and  also  the  view  of  Hayden,  published  in  1S20,  that  they  were 
transported  by  a  great  flood  from  the  northeast,  and  comes  to  the  con- 
clusion that  "the  strata  of  the  low  country  were  formed  in  the  bed  of  the 
sea,  and  this  district  became  dry  land  either  by  a  depression  of  the  level 
of  the  ocean  or  by  the  elevation  of  its  bed,  by  a  force  operating  from  be- 
neath." He  believes  that  the  "low  country"  is  made  up  of  recent  strata, 
as  evidenced  by  the  character  of  the  shells.  He  refers  to  the  discovery  of 
the  remains  of  both  the  mastodon  and  the  elephant  In  digging  the  Club- 
foot and  Harlow  Canal,  near  the  mouth  of  the  Neuse  River.  The  deposits 
of  marl  at  the  Natural  Well,  at  Wilmington,  and  at  Rocky  Point,  are 
briefly  described. 

1S29. 

MoBTox,  Samuel  G. — Geological  Observations  on  the  Secondary,  Tertiary,  and 
Alluvial  Formations  of  the  Atlantic  Coast  of  the  United  States  of  America. 
(Arranged  from  the  notes  of  Lardner  Vanuxem.)  Acad.  Nat.  Sci.,  Phila., 
Jour.,  vol.  6,  1829,  pp.  59-71. 

In  this  report  the  author  names  the  localities  south  of  Delaware  in 
which  the  "Secondary"  strata  had,  up  to  that  time,  been  observed  to  occur, 
as  follows:  Ashwood,  near  the  Cape  Fear  River,  North  Carolina  [3  or  4 
miles  below  Whitehall] ;  Mars  Bluff,  on  the  Peedee  River ;  Efflnghams 
Mills,  Florence  County,  South  Carolina ;  near  the  Eutaw  Springs,  Berkeley 
County,  South  Carolina  [now  known  to  be  Eocene] ;  and  Cockspur  Island, 
near  the  Savannah  River,  South  Carolina  [likewise  an  Eocene  locality]. 

1832. 

CoxBAD,  T.  A. — Fossil  Shells  of  the  Tertiary  Formations  of  Xorth  America. 
Vol.  1,  No.  1,  20  pp.,  6  pis.,  Phila.,  1832.  Republished  by  G.  D.  Harris, 
Washington,  1V*3. 

The  Tertiary  deposits  of  North  Carolina  are  referred  to  the  "Upper 
Marine"  or  "Upper  Tertiary."  Area  limula.  Area  transversa,  and  Cypri- 
cardia  arata,  from  New  Bern,  are  described  and  figured. 

1834. 

Conrad,  T.  A. — Observations  on  the  Tertiary  and  More  Recent  Formations  of 
a  Portion  of  the  Southern  States.  Acad.  Nat.  Sci.,  Phila.,  Jour.,  vol.  7, 
pp.  116-129,  1S34. 
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The  Miocene  deposits  at  Wilmington  are  referred  to  the  Pliocene,  while 
the  Eocene  is  not  mentioned. 

"The  deposit  therefore,  at  Vance's  Ferry,  is  probably  very  limited 
in  extent  and  extremely  superficial,  capping  the  Cretaceous  rocks  in  the 
same  manner  as  at  Wilmington,  North  Carolina,  where  a  patch  only  a  few 
feet  thick  reposes  on  the  zoophytic  secondary  rocks." 

Harlan,  R. — Critical  Notices  of  Various  Organic  Remains  Hitherto  Discovered 
in  Xorth  America.  (Read  May  21,  1834.)  Trans..  GeoL  Soc.  Pa.,  vol.  1, 
Pt.  I,  1834,  pp.  46-112.  Med.  Phy.  Researches,  1835.  (With  a  few  ad- 
ditions.) 

Quotes  from  Cuvier's  "Theory  of  the  Earth,"  by  S.  L.  Mitchell,  in  re- 
gard to  the  skeleton  of  a  huge  animal  found  on  the  bank  of  the  Meherrin 
River,  near  "Murf reesborough.  The  vertebral  column  recovered  measured 
26  feet  and  both  tail  and  head  were  absent.  Harlan  says :  "We  have  recog- 
nized them  as  the  remains  of  a  gigantic  species  of  shark."  Were  prob- 
ably the  remains  of  a  whale. 

Morion,  Samuel  G. — Synopsis  of  the  Organic  Remains  of  the  Cretaceous  Group 
of  the  United  States.    Philadelphia,  1834,  88  pp.,  19  pis. 

Describes  the  mineralogical  and  organic  characters  of  the  Cretaceous 
and  indicates  briefly  its  known  geographic  extent  In  North  America.  The 
"Secondary  or  Cretaceous  group"  is  included  in  the  divisions,  the  Fer- 
ruginous sand  and  the  Calcareous  strata.  The  synopsis  proper  consists 
of  descriptions,  arranged  in  systematic  order,  of  the  known  organic  re- 
mains of  the  Cretaceous,  including  vertebrates  and  Invertebrates. 

1835. 

Conrad,  T.  A. — Fossil  Shells  of  the  Tertiary  Formations  of  North  America. 
Vol.  1,  No.  3,  pp.  29-58,  pis.  15-18.  Phila.,  1835.  Republished  by  G.  D. 
Harris,  Washington,  1893. 

The  Tertiary  deposits  near  New  Bern  are  referred  to  the  "Newer 
Pliocene." 

Conrad,  T.  A. — Ohservations  on  a  Portion  of  the  Atlantic  Tertiary  Region. 
Geol.  Soc.  Pa.,  Trans.,  vol.  1,  pp.  335-341,  1835. 

The  author  states  that  he  was  in  error  in  his  previous  statements  con- 
cerning the  existence  of  the  Miocene  in  the  United  States.  He  asserts  that 
all  Tertiary  deposits  above  the  Eocene  belong  to  the  Pliocene,  which  is 
divisible  into  the  "Older"  and  "Newer"  Pliocene.  Brief  mention  is  made 
of  the  existence  of  the  "Newer  Pliocene"  In  North  Carolina. 

Conrad,  T.  A. — Observations  on  the  Tertiary  Strata  of  the  Atlantic  Coast. 
Amer.  Jour.  Sci.,  vol.  28,  pp.  104-111,  280-282,  1835. 

The  author  discusses  the  Tertiary  strata  of  the  Atlantic  Coast,  and 
states  that  the  Miocene  is  probably  wanting.  It  seems  that  he  would 
refer  all  of  what  we  now  call  Miocene  in  North  Carolina  to  the  "Medial 
Pliocene,"  while  his  "Newer  Pliocene"  constitutes  our  Pleistocene.  He 
gives  a  list  of  sixty-seven  species  of  fossil  shells  from  Mr.  Benner's  planta- 
tion on  the  Neuse  River,  below  New  Bern,  only  five  of  which  are  extinct 
or  unknown.     He  refers  the  beds  to  the  "Newer  Pliocene."    The  lists  of 
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fossils  given  seem  to  prove  conclusively  that  they  are  Pleistocene.  The 
writer  compares  the  fossils  from  this  locality  with  those  found  near  the 
mouth  of  the  Potomac  River  (Cornfield  Harbor). 

Cboom,  H.  B. — Some  Account  of  the  Organic  Remains  B'ound  in  the  Marl  Pits 
of  Lucas  Benners,  Esq.,  in  Craven  County,  N.  C.  Amer.  Jour.  Scl.,  vol.  27, 
pp.  168-171,  1835. 

Mr.  Benners*  estate,  where  the  pits  were  dug,  was  located  on  the  north 
bank  of  the  Neuse  River,  sixteen  miles  below  New  Bern.  The  pits  were 
about  25  feet  in  depth,  and  about  10  feet  below  the  surface  of  the  river. 
The  following  geuera  are  named  and  their  measurements  given : 

1.  Pholas  costata,  7.  Area.  13.  Buccinuni, 

2.  Venus.  8.  Pvctcii.  14.  Mya. 

3.  Stromhus.  0.  Ofttrva.  I.k  Donax  {?)• 

4.  Murex.  K).  Patvlla  fornicata.  10.  ycrita. 

5.  Cardium.  11.  Pectunculus.  17.  Madrepora  poritcs. 
0.  Solen,  12.  Conun. 

Besides,  there  were  .sharks'  teeth,  vertebrae  of  fishes,  and  teeth,  hoof,  and 
horns  of  an  elk,  and  grinder  of  Mastodon  giganteum. 

Morton.  Samuel  G.—yotice  of  the  Fossil  Teeth  of  Fishes  of  the  Tnited  .Statrn, 
the  Discovery  of  the  Gait  in  Alabama,  and  a  Proposed  Division  of  the 
American  Cretaceous  Group.    Amer.  Jour.  Sci.,  vol.  28,  1835,  pp.  276-278. 

The  author  divides  the  American  Cretaceous  into  the  Upper  division,  the 
Me<lial  division,  and  the  Lower  division.  The  lieds  included  in  the  Upi^er 
division  and  at  least  a  part  of  those  Included  in  the  Lower  division  were 
later  shown  to  belong  to  the  Eocene. 

1S38. 

Conrad,  T.  A.— Fossils  of  the  Medial  Tertiary  of  the  United  States.  Xo.  1,  1838, 
32  pp.,  pis.,  1-27,  Phila.    Republished  by  W.  H.  Dall,  Washington,  1893. 

Fossils  are  described  from  the  Miocene  at  Murfreesborough,  Wilmington, 
and  near  New  Bern,  which  he  refers  to  the  "Medial  Tertiary." 

Wagner,  Wujaam.— Description  of  Five  yew  Fossils  of  the  Older  PVwccne 
Formation  of  Maryland  and  yorth  Carolina.  (Read.  January,  1S3S.) 
Jour.  Acad.  Nat.  Sci.,  Phila.,  vol.  8,  laSS,  pp.  51-53. 

The  three  following  new  forms  of  Miocene  shells  from  "Meherrlng 
River."  North  Carolina,  are  described  and  figured : 

Pecten  m^irylandicus, 
Panopea  goldfussii, 
Mysia  nuclciform  is. 

1S40. 

Conrad,  T.  A.— Fossils  of  the  Medial  Tertiary  of  the  United  States.  No.  2, 
1S40,  pp.  33-5G,  pis.  XVIII-XXIX.  Phila.  Published  by  W.  H.  Dall, 
Washington.  1803. 

The  following  fossils  are  describetl : 

Lucina  divaricata,  from  Upi^er  Tertiary  of  North  Carolina. 
Astarte  iunuUta,  from  I'pi)er  Tertiary,  New  Bern. 
Pecten  cboreus,  from  i;i)per  Tertiary,  New  Bern. 
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Conrad,  T.  A. — A'eir  Fossil  Shells  from  Xorth  Carolina.  Amer.  Jour.  Scl.  and 
Arts,  vol.  39,  1840,  pp.  387-38S. 

The  following  new  species  of  fossils  from  the  "Medial  Tertiary"  of 
Duplin  County  are  described: 

Natica  canrena,  Fulgur  contrarius,  Conus  adversarius, 

Fulgur  excavatus,  Voluta  caroHnensis,  Lucina  jamaicensis  Lam. 

1841. 

CoNBAD,  T.  A. — Description  of  Ticenty-six  New  Species  of  Fossil  Shells^  Dis- 
covered in  the  Medial  Tertiary  Deposits  of  Calvert  Cliffs,  Maryland,  Proc. 
Acad.  Nat.  Sci.,  Phila.,  vol.  1,  1841,  pp.  28-33. 

The  new  species,  Astrea  bella,  from  near  New  Bern  Is  described.  The 
same  descrii)tion  is  repeated  in  the  Jour.  Acad.  Nat.  Sci.,  vol.  8. 

Conrad,  T.  A. — Appendix  to  paper  by  Jamks  T.  Hodge,  entitled^  OhseriHitions 
on  the  Secondary   and   Tertiary  Formations  of   the   Southern  Atlantic 
States.    Assoc.  Amer.  Geol.,  Trans.,  1840-42;  Appendix,  1843,  pp.  100-111. 
Abstr.,  Amer.  Jour.  Sci.,  vol.  41,  1S41,  pp.  344-348. 
See  abstract  of  paper  by  Hodge. 

Hodge,  James  T. — Observations  on  the  Secondary  and  Tertiary  Formations  of 
the  Southern  Atlantic  States,  with  an  Appendix  by  T.  A.  Conrad.  Ab- 
stract, Amer.  Jour.  Sci.,  vol.  41,  pp.  182,  183,  332-348,  1841.  Trans.,  Assoc. 
Amer.  Geol.,  pp.  34-35,  94-111,  1843. 

The  occurrence  of  the  "Secondary  formation,"  consisting  of  a  blue 
sandstone  containing  Exogyra  costata,  Belemnites,  Plagiostoma  palagicum, 
Anomia  ephippium,  etc.,  on  the  northeast  banks  of  the  Cape  Fear  River 
[doubtless  meaning  the  Northeast  Cape  Fear  River],  in  the  neighborhood 
of  South  Washington  [now  Watha],  is  described.  He  thinks  the  oc- 
currence of  this  rock  between  the  Tertiary  deposits  to  the  east  and  west 
indicates  a  low  anticlinal  axis  running  north  and  south. 

The  shell  marls  at  Murfreesboro,  near  Williamston,  at  the  Natural 
Well  in  Duplin  County,  and  at  Wilmington,  all  of  which  are  referred  to 
the  "Medial  Tertiary,"  are  described.  A  limestone  Is  described  from  the 
western  part  of  Jones  County  at  the  heads  of  Trent  and  New  rivers, 
which  contains  87%  CaCOj.  This  is  referred  to  the  "Secondary  (Cre- 
taceous) formation,"  but  is  undoubtedly  Eocene.  The  Eocene  at  Wilming- 
ton seems  also  to  have  been  confused  with  the  Cretaceous. 

A  list  of  84  species  of  "Medial  Tertiary"  (Miocene)  fossils  is  given 
from  the  Natural  Well  and  52  from  Wilmington.  In  the  appendix  32 
new  species  of  fossils  are  described  from  the  Natural  Well  and  18  are 
figured.  Brief  descriptions  of  Angola  Bay  and  Holly  Shelter  Swamp,  in 
Pender  and  Duplin  counties,  are  given. 

Limber,  John. — Fossil  Remains  in  Lenoir  County,  y,  C.  Amer.  Jour.  Scl., 
vol.  40,  p.  405,  1841. 

In  digging  a  ditch  near  the  summit  level  between  the  Neuse  and  North- 
east Cape  Fear  rivers,  three  miles  from  the  Neuse  and  on  a  branch  of  it 
and  at  least  100  feet  above  the  river,  the  following  section  was  pene- 
trated : 
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Fine  white  sand  and  vegetable  matter 3  inches. 

Shell  bed 3  inches. 

Yellowish  clay  containing  bones  of  enormous  size few  inches. 

Black  impervious  clay,  containing  a  few  bones depth  unknowTi. 

The  shell  marl  is  said  to  be  very  abundant  and  to  have  been  used  on 
the  land. 

Redfield,  William  C.—Fossil  Shells  from  Tertiary  Marl  Beds  at  Washington, 
Beaufort  County,  N.  C.  Amer.  Jour.  Sci.,  vol.  41,  p.  161,  1841.  Trans., 
Amer.  Assoc.  Geol.,  p.  14,  1843. 

The  fossils  were  said  to  occur  at  a  depth  of  15  to  20  feet  below  the 
surface  and  about  2  feet  below  the  usual  level  of  the  water  in  Pamlico 
River  and  Sound.  The  fossils  were  in  a  good  state  of  preservation  and 
were  supposed  to  belong  to  the  Miocene  period.  No  names  of  the  species 
found  are  given. 

1842. 

Conrad,  T.  A. — Observations  on  a  Portion  of  the  Atlantic  Tertiary  Region, 
tcith  a  Description  of  'Sew  Species  of  Organic  Remains.  Proc.  Nat.  Inst. 
Promotion  of  Science,  vol.  1,  pp.  171-194,  2  pis.,  1842. 

The  thickness  of  the  entire  Miocene  in  the  Atlantic  Coastal  Plain  is 
given  as  100  feet.  It  is  said  to  occur  in  the  eastern  counties  of  North 
Carolina.  The  "Upper  Tertiary,"  or  post-Pliocene,  with  a  thickness  of  12 
feet,  is  represented  by  the  beds  on  the  north  side  of  the  Neuse  River.  15 
miles  below  New  Bern.  A  list  of  34  species  of  moUusks  is  given.  The 
locality  is  now  considered  Pleistocene. 

Conrad,  T.  A.— Description  of  Ticcnty-four  New  Species  of  Fossil  Shells,  Chiefly 
from  the  Tertiary  Deposits  of  Calvert  Cliffs,  Maryland  (read  June  1,  1841). 
Jour.  Acad.  Nat.  Sci.,  Phila.,  vol.  8,  1842,  pp.  183-190. 
Astrea  hella,  a  new  species  of  Astrea  from  near  New  Bern,  is  described. 

Harlan,  R. — Notice  of  Two  New  Fossil  Mammals  from  Brunswick  Canal, 
Georgia;  with  Ohser  vat  ions  on  Some  of  the  Fossil  Quadrupeds  of  the 
United  States.    Amer.  Jour.  Sci.,  vol.  43,  1S42,  pp.  141-144,  2  pis. 

Mention  is  made  of  the  teeth  of  a  Sus  from  the  post-Pliocene  (Pleisto- 
cene) of  New  Bern,  that  was  found  in  association  with  the  remains  of  the 
mastodon,  elephant,  elk,  deer,  horse,  seal,  cetacea,  tortoise,  shark,  skate 
snake,  and  fish,  together  with  fossil  shells.  (These  were  probably  from 
the  Benners  plantation,  15-16  miles  below  New  Bern,  on  the  north  bank 
of  the  Neuse  River.) 

Lyell,  Charles. — On  the  Tertiary  Formations  and  Their  Connection  tcith  the 
Chalk  in  Virginia  and  Other  Paris  of  the  United  States.  (Review  of  paper 
read  before  the  Society.)     Geol.  Soc,  Ix)ndon,  Proc,  vol.  3.  1842,  p.  736. 

The  resemblance  of  the  marls  on  Northeast  Cape  Fear  River  near  South 
Washington  to  the  New  Jersey  Cretaceous  marls,  both  as  regards  lithology 
and  organic  content,  is  noted.  This  locality  was  first  reported  by  Mitch- 
ell, and  later  the  materials  were  referred  to  the  "Secondary  formation" 
by  Hodge.  He  states  that  these  marls  extend  to  the  south  of  Lewis  Creek 
along  the  Northeast  Cape  Fear  nearly  to  Rocky  Point,  where  they  are 
covered  by  the  Eocene  limestone  and  conglomerate.     He  could   find  no 


BIBLIOGBAPHY.  61 

organic  remains  wliich  supported  the  view  lield  by  Hodge  and  other 
geologists,  that  the  latter  was  an  "upper  Secondary"  deposit  or  a  deposit 
interposed  between  the  Cretaceous  and  the  Eocene. 

MrrcHELL,  Elisha. — Elements  of  Geology,  \citJi  an  Outline  of  the  Oeology  of 
Xorth  Carolina.    1S42,  141  pp.  (esp.  pp.  123-141). 

Geologic  map  of  State  under  first  cover.  He  divides  the  Coastal  Plain 
materials  into  two  classes,  namely,  the  Tertiary  strata  and  the  "Sec- 
ondary" strata.  He  does  not  clearly  differentiate  between  the  Tertiary 
and  later  deix)sits.  The  character  of  the  materials  which  go  to  make 
up  the  land  of  the  low  country  and  the  age  of  the  fossil  remains  which 
they  contain  are  briefly  described. 

A  formation  contemporaneous  with  the  marls  of  New  Jersey  and  the 
Cretaceous  of  Euroiie  is  described  as  underlying  the  southern  part  of  the 
State,  outcropping  at  intervals  from  the  eastern  part  of  Jones  County 
to  the  Cape  Fear  River.  He  states  that  it  is  well  exhibited  at  Wilming- 
ton, and  the  good  lands  of  Jones  and  Onslow  counties  and  those  at  Rocky 
Point  in  Pender  County  are  ascribed  to  it.  The  rocks  to  which  he  refers 
are  the  well-known  Eocene  limestone  of  this  region,  which  up  to  this  time 
had  been  regarded  by  Mitchell  and  other  geologists  as  of  "Secondary" 
age.  No  definite  mention  is  made  of  the  greensauds  of  the  Cape  Fear 
River. 

1843. 

CoNBAD,  T.  A. — Description  of  a  yew  Genus,  and  Ticenty-nine  Xeic  Miocene 
and  One  Eocene  Fossil  Shells  of  the  United  States.  Proc.  Acad.  Nat.  Sci., 
Phlla.,  vol.  1,  1843,  pp.  305-311. 

The  following  new  species  of  Miocene  shells  from  North  Carolina  are 
described : 

Carditamera  carinata New  Bern. 

Pecten  vicenarius Wilmington. 

Amphidesma  cpquata Wilmington. 

Lucina  muliistriata Wilmington. 

,  Oliva  duplicata Wilmington. 

Aiiocene 

.  Venus  crihraria Wilmington  and  Neuse 

River  below  New  Bern. 
Crepidula  densata Natural  Well.  Duplin 

County. 
TelUna  arctata North  Carolina. 

RuFFiN*,  Edmund. — Report  of  the  Commencement  and  Progress  of  the  Agricul- 
tural Survey  of  South  Carolina.  Columbia,  S.  C,  1843,  120  pp.  (esp.  pp. 
7,  24-27). 

Describes  the  lithologic  character,  stratigraphic  position  and  distribu- 
tion of  the  "Secondary"  or  Peedee  formation.  This  terrane  corresponds 
to  Sloan's  "Burches  Ferry  marl"  (1907).  He  also  describes  a  "shale" 
or  clay  underlying  the  Peedee  ("Burches  Ferry")  formation,  which  he 
does  not  name,  but  which  corresponds  to  Sloan's  Black  Creek  shale  (1007). 
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1844. 

Lyell,  Charles. — On  the  Oeological  Position  of  the  Mastodon  Glganicum  and 
Associated  Fossil  Remains  at  Bighone  Lick,  Kentucky,  and  Other  Localities 
in  the  United  States  and  Canada.  Amer.  Jour.  Sci.,  1st  series,  vol.  4G, 
1844,  pp.  320-323. 

Notes  the  occurrence  of  a  large  assemblage  of  mammalian  bones,  in- 
cluding those  of  the  mastodon  giganteum,  on  the  Neuse  River  15  miles 
below  New  Bern. 

Lyell,  Charles. — Notes  on  the  Cretaceous  Strata  of  Xcw  Jersey  and  Parts  of 
the  United  States  Bordering  the  Atlantic,  Amer.  Jour.  Scl.,  vol.  47,  1844. 
pp.  213-214. 

Describes  the  Cretaceous  of  the  Atlantic  Coast  of  the  United  States  as 
consisting  of  greensand  and  marl,  red  and  highly  ferruginous  sand- 
stones, white  sand,  limestone,  and  some  beds  of  lignite.  He  states  that 
they  agree  In  their  lithologic  characters  with  the  Lower  Cretaceous  series 
of  Europe,  but  that  in  their  fossils  they  agree  far  more  nearly  with 
the  European  strata  ranging  from  the  Gault  to  the  Miestricht  beds  in- 
clusive. 

At  South  Washington  (now  Watha),  Pendor  County,  North  Carolina, 
he  found  Cretaceous  strata  with  characteristic  Cretaceous  fossils,  some 
common  to  the  lower  and  some  to  the  upper  fossillferous  group  of  New 
Jersey.  He  also  found  several  new  species.  The  pebbly  limestone  at 
Wilmington  is  referred  to  the  Eocene. 

RuFFiN,  Edmund. — Secondary  and  Miocene  Marls  on  and  Near  Lynch' s  Creek, 
in  Darlington,  Sumter,  Williamshurgh,  and  Marion  Districts.  (Supple- 
mental report  of  the  agricultural  survey  for  1843.)  Report  on  the 
Geological  and  Agricultural  Survey  of  the  State  of  South  Carolina, 
Columbia,  S.  C,  1844,  pp.  59-63. 

Describes  occurrence  of  the  "Secondary  formation"  on  Lynch's  Creek 
in  South  Carolina  and  on  the  Waccamaw  River  in  the  vicinity  of  Con- 
way. He  also  gives  an  account  of  two  exposures  of  "Secondary"  marl 
which  he  observed  near  South  Washington,  North  Carolina,  from  which 
he  obtained  Belemnitella,  Exogyra  lastatw  [probably  meaning  costata'\,  and 
large  thick  shells  of  a  similar  oyster.  This  was  doubtless  the  same,  or 
approximately  the  same,  horizon  at  which  Lyell  made  his  collection. 

1845. 

Bailey,  J.  W. — Notice  of  Some  Neto  Localities  of  Infusoria,  Fossil  and  Recent. 
Amer.  Jour.  Sci.,  vol.  48,  1845,  pp.  321-343,  pi.  IV. 

Mention  is  made  of  the  presence  of  fossil  Polythalamia  in  the  Miocene 
marl  at  Wilmington.  N.  C. 

Conrad,  T.  A. — Fos.sils  of  the  (Medial  Tertiary  or)  Miocene  Formation  of  the 
United  States.  No.  3,  1845,  pp.  57-80.  pis.  XXX-XLV,  Philadelphia.  Re- 
published by  W.  H.  Dall,  Washington.  181)3. 

A  large  number  of  fossils  are  doscrilH»d  from  the  Neuse  River  near 
New  Bern,  from  Wilmington,  and  from  the  Natural  well  in  Duplin 
County. 
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FoBBES,  Edward. — On  the  Foss^il  Shells  Collected  hy  Mr.  Lyell  from  the  Cre- 
taceous Formations  of  New  Jersey.  Geol.  Soc.,  London,  Quart  Jour.,  vol. 
1,  1845,  pp.  61-62. 

Describes  and  figures  the  new  species,  Ostrca  suhspatulata,  from  Lewis 
Creek  near  South  Washington,  N.  C,  collected  by  Lyell. 

Lyell,  Chables. — Travels  in  North  America,  with  Geological  Observations  on 
the  United  States,  Canada,  and  Nova  Scotia.  2  vols.:  vol.  1,  251  pp.; 
vol.  2,  221  pp.,  7  pis.  12  mo.  New  York,  1845.  Other  editions  published 
in  London  and  Halle. 

The  occurrence  of  Cretaceous  greensand  marl  on  Lewis  Creek  near 
South  Washington  is  described,  and  the  presence  of  Belemnitella  and  other 
characteristic  New  Jersey  Cretaceous  forms  is  noted  (vol.  1,  p.  156). 

Reference  is  made  to  the  fossil  beds  on  the  lower  Neuse  River  pre- 
viously described  by  Conrad,  and  the  presence  of  fossiliferous  strata  of 
Eocene  and  Miocene  age  at  Wilmington.  He  also  describes  the  general 
character  of  the  great  Dismal  Swamp  and  the  pine  barrens  of  Virginia  and 
North  Carolina. 

Lyell,  Chables. — Observations  on  the  White  Limestone  and  Other  Eocene  or 
Older  Tertiary  Formations  of  Virginia,  South  Carolina,  and  Georgia. 
Quar.  Jour.  Geol.  Soc,  vol.  1,  pp.  429-442,  1845. 

The  writer  notes  the  differences  between  the  Eocene  of  Maryland  and 
Virginia,  in  which  greensand  predominates,  and  the  Eocene  of  the  Caro- 
linas  and  Georgia,  w^here  the  materials  consist  principally  of  highly 
calcareous  white  marls  and  white  limestones.  The  Eocene  exposures  at 
Wilmington  and  Rocky  Point  on  the  Northeast  Cape  Fear  River  are 
briefly  descril)ed.  At  Wilmington  he  collected  39  species  of  fossils,  most 
of  which  are  determined  generically  only.  Terebratula  wilmingtonensis 
is  described  as  a  new  species.  In  conclusion,  he  states  that  there  are  few 
Eocene  species  conmion  to  the  United  States  and  Europe,  and  only  one 
from  the  Wilmington  Eocene,  Infundibulum  trochifwme. 

Lyell,  Chables. — On  the  Miocene  Tertiary  Strata  of  Maryland,  Virginia,  and 
of  North  and  South  Carolina.  Quar.  Jour.  Geol.  Soc,  vol.  1,  pp.  413-429, 
1845. 

"In  the  cliffs  at  Wilmington,  North  Carolina,  resting  on  a  calcareous 
eocene  rock,  are  seen  miocene  shelly  strata  of  the  ordinary  character,  in 
which  I  collected  about  thirty  species  of  shells"  (p.  418).  The  following 
recent  species  were  found  there  In  the  Miocene:  Calyptraea  costata.  Den- 
talium  dentalis,  Solen  ensis,  Lucina  anodonta,  Lucina  contracta,  and 
Venus  mercenaria.  Lucina  contracta  also  occurs  in  the  Suffolk  Crag, 
while  several  of  the  Wilmington  forms  are  said  to  be  very  closely  allied  to 
European  Miocene  species. 

Lyell,  Chables. — Notes  on  the  Cretaceous  Strata  of  New  Jersey,  and  Other 
Parts  of  the  United  States  Bordering  the  Atlantic.  Geol.  Soc,  London, 
Quart.  Jour.,  vol.  1,  1845,  pp.  55-60. 

The  Lewis  Creek  locality  near  South  Washington  (now  Watha)  is 
correlated  with  the  Cretaceous  strata  of  New  Jersey.  A  partial  list  of 
the  fossils  is  given. 
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1848. 

TuoMEY,  Michael. — Reports  on  the  Geology  of  South  Carolina.  Columbia, 
S.  C,  1848.  293  pp.,  2  maps  (esp.  pp.  132-139).  Review  Amer.  Jour.  Sci., 
2d  series,  vol.  8, 1849,  pp.  61-74. 

In  tliis  report  (pp.  132-139)  Professor  Tuomey  describes  in  detail  tlie 
localities  at  which  he  observed  Cretaceous  strata.  These  are  limited  to  the 
eastern  part  of  the  State,  occurring  principally  in  the  banks  and  bluffs  of 
the  Peedee,  Waccamaw,  and  Black  rivers  and  their  tributaries.  He  states 
that  these  l)eds  form  a  continuation  of  the  Cretaceous  strata  outcropping 
on  the  Cape  Fear  River  in  North  Carolina.  The  latter  are  said  to  contain 
a  small  content  of  glauconite,  but  not  a  grain  did  he  observe  in  the  former. 
A  list  of  the  Cretaceous  fossils  Is  given. 

1852. 

Desob,  E. — Post-Pliocene  of  the  Southern  States  and  its  Relation  to  the  Lauretta 
tian  of  the  North  and  the  Deposits  of  the  Valley  of  the  Mississippi.  Amer. 
Jour.  Sci.,  2d  series,  vol.  14,  1852,  pp.  49-59. 

The  beds  along  the  Neuse  River  below  New  Bern,  evidently  those  on 
Benners'  plantation,  described  by  Conrad,  are  referred  to  the  post- Pliocene. 

Emmons,  Ebenezer. — Report  of  Professor  Emmons  on  His  Geological  Survey 
of  North  Carolina,  pp.  3-182.     Raleigh,  1852. 

The  greensaud  occurring  on  Cai>e  Fear  River,  at  various  localities 
below  Ellzabethtown  and  at  Wilmington,  which  he  regards  as  of  higher 
value  as  a  fertilizer  than  the  shell  marl  of  the  region,  he  correctly  refers 
to  the  Cretaceous. 

Many  analyses  of  soils  and  marls  are  given,  and  various  sections  of  the 
marl  beds  described.  The  fossiliferous  beds  containing  oysters  and  clams 
primarily  in  the  vicinity  of  tlie  ocean  are  referred  to  the  post-Pliocene ;  cer- 
tain beds  near  New  Bern,  and  probably  some  deposits  along  Fishing 
Creek,  to  the  Pliocene;  to  the  Miocene  are  referred  the  beds  near  Golds- 
boro,  Tarboro,  Rocky  Mount,  along  the  Toisnot  and  Contentnea  creeks, 
the  Neuse  and  Tar  rivers ;  at  Ellzabethtown,  Walker's  Bluff,  and  Brown's 
Landing;  to  the  Eocene  certain  gravel  beds  in  the  vicinity  of  Leaksville, 
Rockingham  County,  and  Carthage,  Moore  County  (these  are  probably  Cre- 
taceous), and  greenish-colored  clays  and  marls  found  at  Colonel  Collier's 
plantation,  near  Goldsboro,  and  at  Wilmington. 

McLenahan,  S. — Letter  to  Professor  Emmons,  State  Geologist,  in  Report  of 
Geological  Survey  of  North  Carolina,  pp.  168-173.    Raleigh,  1852. 

He  reports  the  presence  of  a  siliceous,  slielly  limestone  (Eocene)  ten 
miles  southeast  of  Raleigh,  and  describes  the  skeleton  of  a  whale  found 
in  the  marl  of  Fishing  Creek. 

1853. 

Conrad,  T.  A. — Monograph  of  the  Genus  Fulgur.  Proc.  Acad.  Nat.  Sci.,  Phila., 
vol.  6,  1853.  pp.  316-19. 

The  following  forms  are  recorded  from  the  Natural  well,  Duplin  County : 

Fulgur  canaliculatuinj 
Fulgur  contrarium, 
Fulgur  excavatum. 
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Fulgur  carica  is  reported  from  North  Carolina,  but  the  exact  locality 
is  not  given. 

Mabcou,  Jules. — A  Geological  Map  of  the  United  States,  and  the  British  Prov- 
inces of  North  America;  with  an  Explanatory  Text,  Geological  Sections, 
etc,    1853,  pp.  48-57.     (Geological  map  In  separate  cover.) 

Describes  the  character  and  distribution  of  the  Quaternary  deposits  of 
the  Atlantic  Coastal  Plain.  On  the  accompanying  geological  map  the 
Quaternary  and  Tertiary  deposits  are  represented  by  one  color. 

1854. 

TuoMEY,  M. — Description  of  Some  Fossil  Shells  from  the  Tertiary  of  the 
Southern  States.  Proc.  Phlla.  Acad.  Nat.  Sci.,  vol.  0.  pp.  192-104,  1852; 
vol.  7,  p.  1G7,  1854. 

Discusses  the  presence  of  Cretaceous  fossils  In  the  Eocene  strata 
at  Wilmington  and  says  that  they  lived  during  the  Eocene  and  were  not 
redeposited  by  the  breaking  up  of  Cretaceous  strata.  His  reason  for  such 
a  view  is  that  the  internal  casts  of  both  Cretaceous  and  Eocene  forms 
consist  of  compact  white  limestone  unlike  any  materials  formed  in  the 
Cretaceous  of  North  Carolina.  He  describes  the  following  forms  from 
the  beds  at  Wilmington : 

Trochus  nixus,  Voluta  conoides,  Cardita  trapezium, 

Pyrula  am4)la,  Trigonia  lunata.  Area  cancellaia, 

Fusus  ahruptus,  Trigonia  divaricata,  CuaUlm  Iwvis. 


Conus  mutilatus, 


1856. 


Emmons,  Ebenezer. — Geological  Report  of  the  Midland  Counties  of  North  Caro- 
lina.   New  York  and  Raleigh,  18o(i,  351  pp. 

Divides  the  State  into  three  natural  belts  or  zones,  the  Eastern,  West- 
ern, and  Midland.  The  character  and  extent  of  the  Eastern  zone  [Coastal 
Plain]  is  briefly  indicated  (p.  3). 

1857. 

Foster,  J.  W. — On  the  Geological  Position  of  the  Deposits  in  Which  Occur  the 
Remains  of  the  Fossil  Elephant  of  North  America.  Proc.  Amer.  Assoc. 
Adv.  Sci.,  vol.  10,  Pt.  II,  pp.  148-107.     1857. 

Reference  is  made  to  the  Pleistocene  deposits  on  the  Neuse  River  below 
New  Bern  containing  remains  of  the  mastodon,  elephant,  hipiwpotamus, 
horse,  deer,  and  elk,  that  Conrad  described  in  1835.  The  age  is  regarded  as 
upper  Tertiary. 


Emmons,  Ebenezer. — Report  of  the  North  Carolina  Geological  Survey.    Agri- 
culture of  the  Eastern  Counties,    xvi,  314  pp.     Raleigh,  1858. 

This  report  contains  good  descriptions  of  the  marl  beds  of  the  Cre- 
taceous, Eocene,  and  Miocene  formations  of  the  State,  together  with  many 
analyses.  Many  sections  are  given.  For  the  most  part  those  deposits 
containing  marine  shells  are  referred  to  their  proper  series,  but  the  Cre- 
taceous lignitic   sands   and  claj's   occurring   on   Cape  Fear   River   from 


56 


THE    COASTAL   PLAIN    OF    NORTH    CAROLINA. 


I 


a  dozen  or  more  miles  below  Elizabethtowu  upstream  nearly  to  Fayette- 
vllle  are  regarded  as  of  probable  Eocene  age.  The  occurrence  of  Bclem- 
nitella,  Exogyra,  and  coprolites  as  a  mechanical  mixture  in  the  Miocene 
marl  is  mentioned.  The  report  contains  an  extended  account  of  the  fossils 
of  the  marl  beds,  of  which  over  200  species,  many  of  which  are  new,  are 
described  and  figured.  It  is  the  most  complete  report  on  the  Coastal  Plain 
formations  of  the  State  published,  up  to  that  time.  The  soils  of  various 
Coastal  Plain  counties  are  described. 

1860. 

Emmons,  Ebenezer. — North  Carolina  Geological  Survey,  Part  II,  Agriculture. 
Raleigh,  1860,  05  pp. 

Describes  the  geographic  distribution  and  character  of  the  swamp  lands, 
with  special  reference  to  the  nature  of  the  soils,  of  which  many  analyses 
are  given.    He  regards  the  swamp  accumulations  as  of  recent  origin. 

1861. 

CoNBAD,  T.  A. — Fossils  of  the  (Medial  Tertiary  or)  Miocene  Formation  of  the 
United  States.  No.  4,  1861  (?),  Phila.,  pp.  81-80,  index  and  plates  xlv-xiix. 
Republished  by  W.  H.  Dall,  Washington,  1803. 

Crypt  a  densata, 
Busycon  contrarium, 
Fasciolaria  rhomhoidea, 

are  described  from  the  Natural  well  in  Duplin  County. 

RuFFiN,  Edmund. — Sketches  of  Lower  North  Carolina  and  the  Similar  Adjacent 
Lands,  206  pp.  Printed  at  the  Institution  for  the  Deaf,  Dumb,  and  the 
Blind,  Raleigh,  1861. 

Contains  general  statements  in  regard  to  the  marl  deposits  of  the  State. 
The  deposits  are  said  to  belong  to  the  Tertiary,  though  no  mention  is 
made  of  the  different  divisions.  To  explain  the  origin  of  the  materials 
of  the  "drift  region"  (Coastal  Plain),  he  adopts  the  already  antiquated 
theory  of  IT.  H.  Ilayden  which  appeared  in  his  "Geological  Essays'*  pul)- 
lished  in  1S20. 

1864. 

Conrad,  T.  A. — Notes  on  Shells,  with  Description  of  New  Fossil  Genera  and 
Species.    Proc.  Acad.  Nat.  Sci.,  Phila.,  vol.  16.  1864,  pp.  211-214. 

The  new  species  of  Fasciolaria  siibicnta  is  described  from  the  Natural 
well  in  Duplin  County. 

1S(J5. 

Conrad.  T.  A. — Observations  on  the  Eocene  Lignite  Formation  of  the  United 
States.  Proc.  Phila.  Acad.  Scl.,  vol.  17,  pp.  70-73,  1865.  Amer.  Jour.  Sci.. 
2d  series,  vol.  40,  pp.  265-268.  lS6o. 

In  this  article  it  is  stated  for  the  first  time  that  the  commingling  of 
Cretaceous  and  Eocene  fossils  in  the  limestone  breccia  at  Wilmington  was 
due  to  mechanical  mixture.  It  is  explained  as  due  to  a  "disturbance  in 
the  bed  of  the  Eocene  ocean." 
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1867. 

Conrad,  T.  A. — Tertiary  of  North  and  South  Carolina.     Amer.  Jour.  Scl.,  2d 

series,  vol.  43,  p.  260, 1867. 

The  author  refers  to  the  presence  of  Cretaceous  fossils  in  the  Eocene 

strata  at  Wilmington  and  in  the  Miocene  strata  of  the  Cape  Fear  River, 

and  considers  the  mixture  of  forms  as  purely  accidental  and  not  due  to  the 

coexistence  of  Cretaceous  forms  with  Eocene  and  Miocene  forms  during 

the  two  latter  periods. 

1869. 

Kerb,  W.  C. — Report  ofHhe  Progress  of  the  Geological  Survey  of  North  Caro- 
lina.   57  pp.,  Raleigh,  1869. 

The  statement  is  made  (p.  10)  that  the  marls  along  "the  lower  waters 
of  Cape  Fear,  Northeast,  Trent,  Neuse,  and  Tar  rivers"  have  been  examined 
in  search  of  phosphatic  materials  similar  to  the  phosphates  of  Charleston, 

but  with  negative  results. 

1870. 

Marsh,  O.  C. — Notice  of  Some  Fossil  Birds,  from  the  Cretaceous  and  Tertiary 
Formations  of  the  United  States.  Amer.  Jour.  Sci.,  2d  series,  vol.  49,  1870, 
pp.  205-217. 

The  left  humerus  of  a  bird  which  was  found  at  Tarboro  is  described 
by  the  w^riter  and  referred  to  the  new  species,  Catarractes  antiquus.  It 
is  supix)sed  to  have  come  from  the  Tertiary  of  that  region.  The  same 
specimen  is  mentioned  on  p.  237  of  the  Proceedings  of  the  Academy  of 
Natural  Sciences  of  Philadelphia  for  1866. 

1871. 

Conrad,  T.  A. — On  Some  Points  Connected  xcith  the  Cretaceous  and  Tertiary 
of  North  Carolina.  (From  a  letter  to  J.  D.  Dana,  dated  Greenville,  Pitt 
County,  X.  C,  1871.)     Amer.  Jour.  Sd.,  3d  series,  vol.  1,  pp.  468469,  1871. 

In  the  vicinity  of  Greenville  the  Miocene  is  said  to  rest  directly  upon 
Cretaceous  strata  in  which  occur  Ripley  fossils. 

Ho  reports  finding  a  tooth  which  he  thinks  belongs  to  Leidy's  Equus 
f  rat  emus  and  a  Mastodon  jaw,  both  of  which  he  believes  to  have  come 
from  the  Miocene. 

Reference  is  also  made  to  the  occurrence  of  Ripley  fossils  at  Snow  Hill 
in  Greene  County.  This  is  probably  the  first  recorded  attempt  at  cor- 
relating North  Carolina  Cretaceous  strata  with  the  Ripley  in  the  Gulf 
region. 

Kerr,  W.  C. — On  Some  Points  in  the  Stratigraphy  and  Surface  Geology  of 
North  Carolina.    Amer.  Nat.,  vol.  4.  1870-71,  p.  570. 

Gives  evidence  indicating  considerable  oscillations  of  sea-level  during 
the  pre-human  period.  States  that  these  movements  were  probably  syn- 
chronous with  the  "Champlain"  epoch. 

Perry.  John  B. — Remarks  on  Southern  Drift,  Gulf  Tertiary,  and  Notices  of 
Occuri'cnce  of  Cretaceous  at  Snow  Hill  in  North  Carolina.  In  discussion  of 
E.  W.  Hilgard,  The  History  of  the  Gulf  of  Mexico.  Amer.  Assoc.  Adv.  Sci., 
1871.    Amer.  Nat.,  vol.  5.  1871,  pp.  521-522. 

Contains  a  brief  reference  to  a  Cretaceous  fossil  locality  at  Snow  Hill, 
North  Carolina. 
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1872. 

Elliott,  Geo.  II. — Report  on  the  Survey  of  the  Cape  Fear  and  Deep  Rivers, 
Xorth  Carolina.    Reiwrt  of  the  Chief  of  Eugineers,  1872,  pp.  741-749. 

Gives  a  brief  description  of  the  region  through  which  the  Cape  Fear 
River  flows. 

Shaleb,  N.  S. — On  the  Causes  Whieh  Have  Led  to  the  Produetion  of  Cape 
Hatteras.  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  14,  pp.  110-121, 1872.  Abstract, 
Amer.  Nat.,  vol.  5,  pp.  178-181,  1871. 

The  view  is  expressed  that  the  Cai)e  Hatteraf  projection  was  caused 
by  the  operation  of  subterranean  forces  which  resulted  In  the  uplift  of 
the  region.  In  support  of  this  view  he  states  that  there  is  evidence  that 
a  ridge  once  existed  along  a  line  passing  north  and  south  through  Rich- 
mond, Va.,  and  Weldou,  N.  C,  which  was  produced  by  an  upward  folding 
of  the  rocks.  This  ridge  was  subsequently  much  eroded  and  finally  covered 
by  later  deposits.  This  uplift  probably  occurred  subsequent  to  the  begin- 
ning of  the  Tertiary,  or  there  may  have  been  a  succession  of  ui)lifts.  Pro- 
fessor Shaler  apiiears  to  have  regarded  Cape  Ilatteras  as  a  southeasterly 
continuation  of  this  ridge. 

Brief  descriptions  of  some  of  the  Tertiary  deposits  of  North  Carolina 
are  given.  "Along  the  shore  of  the  mainland  from  New  Bern,  N.  C,  to 
Washington,  at  the  mouth  of  the  Roanoke,  the  hard,  shelly  limestone  of  the 
Tertiary  period,  looking  much  like  the  shell  bed  which  is  found  near 
Charleston,  S.  C,  comes  to  the  surface  Just  above  high-tide  mark  and 
seems  to  be  the  principal  barrier  to  the  encroachment  of  the  sea"  (p.  117). 

1873. 

Kebr,  W.  C. — Topography  as  Affceted  hy  the  Rotation  of  the  Earth.  Araer. 
Phil.  Soc,  Proc.,  vol.  13,  1873,  pp.  190-102. 

Notes  the  fact  that  the  high  bluffs  of  the  North  Carolina  rivers  are,  in 
most  cases,  on  the  right  side,  and  assigns  as  the  cause  the  deflecting  effect 
of  the  rotation  of  the  earth  on  the  courses  of  the  streams. 

Kerr,  W.  C. — Appendix  to  the  Report  of  the  Gcologieal  Survey  of  North  Caro- 
lina, 1873,  being  a  brief  abstract  of  that  report  and  a  general  description 
of  the  State — geographical,  geological,  climatic,  and  agricultural.  24  pp., 
mai).    Raleigh,  1873. 

*'The  Tertiary  (and  Quatermiry)  occupies  the  eastern  champaign  sec- 
tion, and  consists  mainly  of  l)eds  of  unc<mipacted  clays,  sands,  and  marls, 
belonging  to  the  lower  and  middle  divisions  (Eocene  and  Miocene),  which 
are  everywhere  filled  with  exuvite  and  bones  of  marine  animals,  con- 
stituting an  inexhaustible  resource  of  manurial  matter'*  (p.  6). 

"Marl  is  found  only  in  the  eastern  region,  but  is  very  abundant  In  some 
25  counties,  occurring  in  extensive  superficial  beds,  which  contain  all  the 
elements  of  a  complete  and  i»ermaneiit  fertilizer.  *  ♦  *  This  is  the 
most  valuable  mineral  in  the  State,  as  it  is  easily  accessible  to  more  than 
half  of  the  farming  lands,  and  is  applicable  to  all  crops." 
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1875. 


Ck)NBAD,  T.  A. — Descriptions  of  Sew  Genera  and  Species  of  Fossil  Shells  of 
North  Carolina  and  in  the  Cabinet  at  Raleigh,  etc.  Geol.  Survey'  of  North 
Carolina,  Report  by  W.  C.  Kerr,  Appendix  A,  pp.  1-28,  pis.  1-4.  Raleigh, 
1875. 

Describes  46  new  species  of  Cretaceous  shells  from  Snow  Hill,  and  states 
that  they  represent  the  Ripley  of  Mississippi.  A  synopsis  of  the  Cre- 
taceous Mollusca  of  North  Carolina  is  given. 

Three  new  species  of  Eocene  fossils  and  22  new  species  of  Miocene  shells 
are  described  and  figured.  Conrad  believes  that  all  the  Tertiary  strata 
of  North  Carolina  should  be  referred  to  the  Eocene  and  Miocene. 

Cope,  Edward  D. — Sj/nopsis  of  the  Vertebrata  whose  Remains  Have  Been  Pre- 
served in  the  Formations  of  \orth  Carolina.    Geol.  Survey  North  Carolina, 
Reiwrt  by  W.  C.  Kerr,  vol.  1,  Appendix  B,  pp.  29-52,  pis.  5-8.    Raleigh,  1875. 
A  number  of  new  fossil  vertebrates  are  described  from  the  Miocene  de- 
posits of  the  State. 

• 

Genth,  F.  a. — On  the  Minerals  Found  in  the  State  of  North  Carolina.  Geol. 
Survey  North  Carolina,  Report  by  W.  C.  Kerr,  vol.  1,  Appendix  C,  pp.  53-G9. 
Raleigh,  1875. 

A  few  minerals,  calcite,  quartz,  glauconite,  (Btc,  are  reported  to  occur 
in  the  Tertiary  marl  beds. 

Kebb,  W.  C. — Report  of  the  Geological  Survey  of  North  Carolina.  Vol.  1,  8vo, 
xviii.  325  pp.  Appendices,  120  pp.,  8  pi.,  18  figs.  Geological  map  of  State 
under  front  cover.    Raleigh,  1875. 

In  the  preface  the  following  statement  is  made:  "This  volume  may  be 
considered,  in  part,  as  a  sort  of  r^sum^  of  the  whole  subject  of  the  geology 
of  the  State,  as  far  as  worked  out,  the  labors  of  my  predecessors  being 
freely  used  and  embotlied  with  my  own." 

The  character  and  geographic  distribution  of  the  Cretaceous  and  Tertiary 
deposits  of  the  State  are  described.  The  Tertiary  deposits  are  divided  into 
the  Eocene  and  the  Miocene,  and  the  geographic  limits  of  each  are  given. 
The  marls  of  the  Cretaceous,  Eocene,  and  Miocene  are  described  In  detail. 
Many  analyses  are  given,  and  the  value  of  these  marls  for  fertilizing  pur- 
poses is  fully  discussetl. 

The  surficial  deposits,  consisting  of  beds  of  pebbles,  sand,  and  clay,  are 
included  in  the  Quaternary  system.  He  believes  that  the  Coastal  riain 
region  was  submerged  during  at  least  a  part  of  the  glacial  i)eriod,  and 
regards  the  Quaternary  deposits  as  having  been  transi)orted  by  the  great 
floods  resulting  from  the  melting  of  the  ice  of  the  glacial  period.  The  re- 
port is  accompanied  by  a  geological  map  of  the  State. 

1876. 

Abert,  S.  T. — Geology.  Letter  from  the  Acting  Secretary  of  War,  transmitting 
report  of  S.  T.  Abert  on  the  survey  of  a  line  to  connect  the  waters  of  the 
Cape  Fear  and  Neuse  rivers,  etc.  Sen.  Ex.  Doc,  No.  35,  44th  Cong.,  1st 
Sess.,  pp.  15-24,  1876. 

Describes  the  physical  features  of  the  seacoast  and  of  the  sounds  border- 
ing the  coast.     Describes  briefly  the  geology  of  the  region  between  Nor- 
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folk  and  Cape  Fear  River.  Brief  statements  are  made  concerning  the 
Eocene  and  Miocene  formations  of  the  Coastal  Plain.  Describes  rivers, 
peat-bogs,  swamps  and  soils. 

Gabd,  William. — Notes  on  American  Cretaceous  Fossils,  with  Descriptions  of 

Some  New  Species,    Acad.  Nat.  Scl.,  Proc,  Phila.,  1876,  pp.  276-324. 

Describes,   among  other  Cretaceous  fossils,  a  few  species  from  North 

Carolina. 

1879. 

Kerb,  W.  C. — Physiographic  Description  of  North  Carolina.  North  Carolina 
Geological  Survey,  1879,  32  pp.  and  map  and  section  under  back  cover. 

Describes  briefly  the  physiographic  features  of  the  eastern  section 
(Coastal  Plain),  pp.  6-7.  On  the  map  the  swamp  lands  In  the  region 
bordering  the  coast  are  indicated. 

Kerb,  W.  C. — North  (and  South)  Carolina  (geological  formations).    Macfar- 
lane*s  American  Railway  Guide,  p.  186,  1879. 
Contains  very  brief  statements  concerning  the  geology  along  the  various 

railroads. 

1881. 

Genth,  F.  a.,  and  Kebb,  W.  C. — Mineralogy:  Minerals  and  Mineral  Localities 
of  North  Carolina,  being  Chapter  1  of  the  2d  volume  of  the  Geology  of 
North  Carolina,  pp.  1-122.    Raleigh,  1881. 

Calcite,  siderite,  llmonite,  glauconlte,  pyrite,  lignite,  and  vivianite  are 
reported  from  Cretaceous  and  Tertiary  deposits  in  several  of  the  Coastal 

Plain  counties  of  the  State. 

1883. 

Heilpbin,  Angelo. — On  the  Relative  Ages  and  Classification  of  the  Post-Eocene 
Tertiary  Deposits  of  the  Atlantic  Slope.  Proc.  Phila.  Acad.  Nat.  Sci.,  vol. 
34,  pp.  150-186,  1882. 

In  an  examination  of  the  post-Eocene  fossils  of  the  Atlantic  Coastal 
Plain,  the  writer  finds  that  of  about  206  North  Carolina  mollusca,  128 
are  found  in  South  Carolina,  79  in  Virginia,  54  in  Maryland,  while  54  are 
recent.  He,  therefore,  concludes  that  these  deposits  in  North  and  South 
Carolina  constitute  the  highest  group  of  the  Miocene  strata,  to  which  he 
applies  the  name  "Carolinian,"  while  the  Miocene  deposits  of  Virginia  and 
Maryland  are  referred  to  the  middle  Miocene,  or  "Virginian,"  and  the 
lower  Miocene  or  "Marylandlan." 

Kebb,  W.  C. — Report  on  the  Geology  and  the  Soils  of  the  Tobacco  Region  of 
North  Carolina.  Tenth  Census  irulted  States,  vol.  3,  1883,  pp.  715-19 
(bottom  pagination). 

States  that  the  soils  of  the  champaign  or  eastern  tobacco  district  are 
formed  of  Quaternary  deposits.  The  character  and  stratigraphic  relations 
of  these  deposits  are  briefly  described. 

1S.S4. 

Heilpbin,  Angelo. — Tfie  Tertiary  Geology  of  the  Eastern  and  Southern  United 

States.    Jour.  Phila.  Acad.  Nat.  Scl.,  vol.  9,  Pt.  I,  pp.  115-154,  map  4,  1884. 

General  descriptions  are  given  of  the  Eocene  and  Miocene.     Much  is 

quoted  from  Kerr's  Report  on  the  Geology  of  North  Carolina,  1875.    A  list 

of  26  species  of  Eocene  fossils  from  the  State  Is  given. 
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Heilpbin,  Angelo. — Contributions  to  the  Tertiary  Geology  and  Paleontology  of 
the  United  States.    117  pp.,  map,  4to.    Philadelphia,  1884. 

The  writer  gives  little  new  Information  in  regard  to  the  Eocene,  but 
does  give  a  short  summary  of  existing  information  concerning  the^  Eocene 
strata  and  their  contained  fossils.  He  does  not  attempt  to  correlate  them 
with  Eocene  strata  elsewhere  in  the  United  States. 

The  Miocene  is  discussed  at  considerable  length,  and  from  a  comparison 
of  the  fossils  he  comes  to  the  conclusion  that  these  strata  represent  the 
same  formation  in  North  and  South  Carolina,  and  that  they  are  younger 
than  the  Miocene  deposits  of  Virginia  and  Maryland.  The  name  "Caro- 
linian" is  applied  to  them. 

Kebb,  W.  C. — The  Geology  of  Hatteras  and  the  Seighhoring  Coast.  (Abstract.) 
Bull.  Wash.  Phila.  Soc,  vol.  6,  pp.  28-30,  1884.  Abstract,  Science,  vol.  1, 
p.  402,  1883. 

Describes  in  a  general  way  the  character  of  the  low-lying  region  ad- 
jacent to  Cape  Hatteras. 

The  statement  is  made  that  "the  quaternary  as  well  as  the  tertiary  of 
this  coast  region  of  North  Carolina  are  laid  down  upon  an  eroded  surface 
of  cretaceous  rock." 

Phillips,  W.  B. — North  Carolina  Phosphates.  Jour.  Elisha  Mitchell  Sci.  Soc. 
1S83-1884,  pp.  60-63.    Abstract,  Amer.  Jour.  Sci.,  3d  series,  voj.  28.  p.  75. 

The  phosphatic  materials  found  in  the  Miocene  strata  of  Duplin,  Bruns- 
wick, and  Pender  counties  are  described.  The  best  localities  are  said 
to  be  from  4  to  8  miles  northeast  of  Magnolia,  where  a  thin  irregular 
bed  of  phosphate  is  found  in  places  at  a  depth  of  from  3  to  5  feet  beneath 

the  surface. 

1885. 

Holmes,  J.  A. — Taxodium  (Cypress)  in  North  Carolina  Quaternary,  Elisha 
Mitchell  Sci.  Soc.  Jour.,  1884-85,  pp.  92-93,  1885. 

Describes  the  occurrence  of  fossil  stumps  of  cypress  on  the  southwest 
bank  of  the  Neuse  River  10  to  12  miles  below  the  town  of  New  Bern. 

Kebb,  W.  C. — The  Eocene  of  North  Carolina.  Amer.  Nat,  vol.  19,  p.  69,  1885. 
Through  finding  upper  Eocene  fossiliferous  rocks  capping  some  of  the 
highest  hills  of  the  Coastal  Plain,  the  author  concludes,  erroneously,  that 
most  of  the  sand  and  gravel  deposits,  previously  referred  to  the  Quater- 
nary, are  really  Eocene  in  age.  "The  area  of  Tertiaries  in  this  State 
must  now  be  extended  over  a  wide  stretch  of  country,  from  the  tops  of 
Laurentian  hills,  near  Raleigh,  and  the  higher  elevations  of  the  Huronian 
slates,  to  from  50  to  75  miles  southeastward,  along  the  course  of  the 
Deep  River,  and  so  onward  to  the  South  Carolina  border,  reaching  at  one 
point  an  elevation  of  600  feet  above  tide.  This  leaves  the  Quaternary, 
like  the  Miocene,  to  be  represented  by  a  thin  and  broken  covering  of 
superficial  deposits,  of  only  a  few  feet  to  a  few  yards  in  thickness,  and 
reaching  from  the  coast  only  about  100  miles  inland  and  an  elevation 
but  little  above  100  feet." 

Kebb.  W.  C. — Distribution  and  Character  of  the  Eocene  Deposits  in  Eastern 
North  Carolina.  Elisha  Mitchell  Sci.  Soc.  Jour.,  for  the  year  1884-188.1, 
pp.  79-84. 

E.s.Mentially  the  same  discussion  as  in  the  preceiling  jiaper. 
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18S8. 

Heilprin,  Angelo. — The  Classification  of  the  Post-Cretaceous  Deposits,  Proc. 
Phila.  Acad.  Nat.  Scl.,  18S7,  pp.  314-322,  18SS. 

The  author  again  refers  to  the  Miocene  of  the  Atlantic  Coastal  Plain  as 
consisting  of  the  three  divisions :  "Marylandian,"  "Virginian,"  and  "Caro- 
linian." 

McGee,  W  J — Three  Formations  of  the  Middle  Atlantic  Slope.  Amer.  Jour. 
Sci.,  3d  series,  vol.  35,  188S.  Potomac  Formation,  pp.  120-143.  Appo- 
mattox Formation,  pp.  328-330.    Columbia  Formation,  pp.  367-388,  348-36G. 

Materials  exposed  on  Roanoke  River  near  Weldon,  which  he  regards 
as  representing  the  Potomac  formation  of  Virginia,  are  described  (p.  126). 
This  is  the  only  reference  to  Potomac  equivalents  In  North  Carolina. 

Concerning  the  presence  of  the  "ApiK)mattox"  formation  in  North  Caro- 
lina he  says :  "And  at  Weldon  it  rests  upon  deeply  ravined  crystalline  rocks, 
save  where  inconspicuous  remnants  of  Potomac  arkose  intervene"  (p. 
330).  The  formation  is  said  to  be  the  equivalent  of  at  least  a  part  of  the 
"Orange  Sand"  of  Ililgard.  As  regards  the  age  of  the  formation,  he  states 
that  "It  is  manifestly  newer  than  the  fossiliferous  Miocene  uix)n  which  it 
rests,  and  older  than  the  Columbia  formation  by  which  It  is  overlain" 
(p.  330). 

The  Columbia  formation  is  divided  into  the  Fluvial  Phase  and  the  Inter- 
fiuvial  Phase.  Both  phases  are  mentioned  as  occurring  along  the  Roanoke 
River  In  North  Carolina.  Terracing  is  mentioned  as  occurring  along 
Roanoke  River  in  the  vicinity  of  Weldon. 

Penrose,  R.  A.  F.,  Jr. — Nature  and  Origin  of  Deposits  of  Phosphate  of  Lime, 
with  an  Introduction  by  N.  S.  Shaler.  Bull.  U.  S.  Geol.  Surv.,  No.  46,  143 
pp.,  3  pis.    Washington,  18S8. 

Brief  descriptions  with  chemical  analj'ses  are  given  of  the  character 
and  occurrence  of  amorphous  nodular  phosphates  in  North  Carolina.  They 
occur  in  Duplin,  Sampson,  Onslow,  Pender,  New  Hanover,  and  Columbus 
counties.  The  most  valuable  deposits  occur  at  Castle  Hayne  and  near 
Wilmington,  and  these  are  briefly  described  (pp.  70-75). 

1880. 

Fontaine,  Wm.  M. — The  Potomac  or  Younger  Mesozoic  Flora.  U.  S.  Geol. 
Survey,  Monograph  XV,  2  vols.,  1881)*.    Text  377  pages. 

Describes  the  deposit  of  supi>osed  Potomac  at  Weldon  as  consisting  of 
a  thin  layer  of  sands  and  gravels  resting  directly  upon  the  crystalline 
rocks.  lie  believes  it  referable  to  tlie  Potomac  upon  lithologic  grounds. 
He  says:  "It  suggests  the  idea  that  the  Potomac  may  be  found  as  far 
south  as  this  place.  The  exposure,  however,  is  too  slight  to  be  taken 
as  anything  more  than  suggestive  of  i)robahilities"   (pp.  45-46), 

HoLMKs,  J.  A. — Historical  Xotcs  Concerning  the  North  Carolina  Geological 
Siirvcgs.  Elisha  Mitchell  Sci.  Soc.  Jour.,  vol.  0.  Pt.  I,  January-June,  1880, 
pp.  ,5-10. 

(Jives  a  brief  account  of  the  several  North  Carolina  State  surveys  that 
have  been  called  geological  surveys,  including  lists  of  publicati<ms. 
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1890. 

Chance,  H.  M. — North  Carolina  (Geological  Formations).  Macfarlane^s  Geol. 
Ry.  Guide,  2d  edition,  pp.  365-368,  1800. 

Tlie  "Sljetch  of  the  Geology  and  Topography  of  North  Carolina"  con- 
tained in  this  work  is  abstracted  from  the  geological  reports  of  Prof. 
W.  C.  Kerr.  The  references  to  the  Mesozoic  and  Ceuozolc  strata  are  very 
brief. 

Clark,  W.  B. — On  the  Tertiary  Deposits  of  the  Cape  Fear  River  Region.  Bull. 
Geol.  Soc.  Amer.,  vol.  1,  pp.  537-540,  1800. 

He  shows  that  the  Cretaceous  greensand  marl  occupies  the  base  of  the 
series  in  the  lower  Cai>e  Fear  River  region.  The  commingling  of  Eocene 
and  Cretaceous  forms  at  Wilmington  is  discussed  and  is  explained  as  due 
to  a  reworking  of  the  Cretaceous  forms  during  the  Eocene.  The  follow- 
ing Eocene  forms  are  given: 

Aturia  alabamiensis  Conrad. 
Conus  gyratus  Conrad. 
Emarginula  eversa  Conrad. 
Lunulitcs  disians  Lonsdale. 
Mortonia  pileuS'Sincnsis  Ravenel. 
Oliva  alabamiensis  Conrad. 
Pecten  memhranosus  Morton. 
Pseudoliva  vetusta  Conrad. 
Siliquaria  vitis  Conrad. 
Sismondia  plana  Conrad. 
Terehratulina  lavhryma  Morton. 
Trochita  trochiformis  Conrad. 

In  the  same  bed  the  following  Cretaceous  fossils  occur : 

Baculites  compressus  Say. 
Cardlum  spillmani  Conrad. 
CucuUaa  antrosa  Morton. 
Gyrodes  ahyssina  Conrad. 
Xautilus  dekayi  Morton. 
'Savicula  tiniopsis  Conrad. 
Venilia  conradi  (?)  Morton. 
Zenophora  leprosa  Morton. 

Daix,  William  Healey. — Contributions  to  the  Tertiary  Fauna  of  Florida, 
icith  especial  reference  to  the  Miocene  Silex  Beds  of  the  Caloosahatchie 
River^  including,  in  many  cases,  a  complete  revision  of  the  generic  groups 
treated  and  their  American  Tertiary  species.  Trans.,  Wagner  Free  In- 
stitute of  Science  of  Phila.,  vol.  3,  1654  pp.,  60  pis.  Ft.  I,  1890;  Ft.  II, 
1892;  Pt.  III.  1895;  Pt.  IV,  1898;  Pt.  V,  1900;  Pt.  VI,  1903. 

In  this  exhaustive  work  a  great  number  of  fossils  are  described  from 
the  Tertiarles  of  North  Carolina.  The  most  imi>ortant  confrlbutions  are 
with  reference  to  the  Miocene  deposits  of  Duplin  Countj*,  which  are  re- 
garded as  closely  related  to  the  beds  at  Yorktown,  Va.  This  correlation 
was  established  after  a  very  detailed  study  of  the  fossils  had  been  made. 
The  deposits  in  the  vicinity  of  Croatan   are  placed  In  the  Pliocene  as 
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the  result  of  a  careful  study  of  the  contained  fossils.  Eighty  out  of 
ninety-six  recognized  species  are  represented  In  the  recent  fauna:  83 
per  cent  of  which,  according  to  Lyell's  original  classification,  would 
place  these  beds  unquestionably  in  the  Pliocene. 

Fontaine,  William  M. — Potomac  Strata  at  Haywood,  Chatham  County,  A'.  C. 
U.  S.  Geol.  Survey,  lOth  Ann.  Rpt     (1888^1889),  1890,  p.  174. 
Announces  the  discovery  of  supposed  Potomac  strata  near  Haywood, 

N.  C. 

McGee,  W  J — Southern  Extension  of  the  Appomattox  Formation.  Amer. 
Jour.  Sci.,  3d  ser.,  vol.  40.  1890,  pp.  15-41. 

Deposits  referable  to  this  formation  are  said  to  occur  throughout  the 
extent  of  the  Atlantic  and  Gulf  Coastal  Plains  as  far  as  the  Rio  Grande. 
In  North  Carolina  it  forms  a  terrane  40  or  50  miles  wide  on  the  Roanoke 
and  extends  southward  through  the  Carollnas  In  a  broad  zone.  In 
Virginia  and  the  Carollnas  the  deposits  are  said  to  lie  at  elevations  of 
between  25  and  250  feet  above  tide.  As  regards  its  age,  the  formation  Is 
said  to  correspond  roughly  with  the  Pliocene. 

Shaleb,  N.  S. — General  Account  of  the  Fresh-uater  Morasses  of  the  United 
13  States,  loith  a  Description  of  the  Dismal  Sioamp  District  of  Virginia  and 

yorth  Carolina.  U.  S.  Geol.  Surv.,  10th  Report,  pp.  255-339,  pis.  6-19, 
Washington.  1890. 

Describes  the  Dismal  Swamp  district  (pp.  313-339)  as  regards  the 
character  of  the  materials,  the  topographic  features,  the  character  of 
the  animal  and  vegetable  remains,  etc.  On  the  evidence  of  some  fossils 
found  near  Suffolk,  Va.,  the  writer  believes  that  the  entire  district  is 
underlain  by  Pliocene  strata. 

An  escarpment  is  described  which  forms  the  western  boundary  of  the 
district,  and  which  Is  believed  to  mark  a  former  shore  line.  This  Is  called 
the  Nansemond  Escarpment.  A  higher  plain  of  which  this  escarpment 
forms  the  eastern  boundary  is  designated  the  Nansemond  Bench. 

1891. 

Clark.  William  Bullock. — Correlation  Papers — Eocene.  V.  S.  Geol.  Surv., 
Bull.  83,  173  pp.,  2  maps.     Washington,  1891. 

This  paper  contains  a  discussion  of  the  previously  published  literature 
pertaining  to  the  Eocene  of  the  United  States  together  with  a  correlation 
of  the  Eocene  deposits  In  the  several  areas. 

McGee,  W  ,T — The  Lafayette  Formation.  V.  S.  Geol.  Surv.,  12th  Ann.  Rept., 
lSf>0-91,  Pt.  I,  pp.  347-521. 

The  author  presents  a  monographic  study  of  the  Lafayette  formation 
in  the  eastern  United  States. 

The  term  Lafayette  is  here  used  instead  of  "Appomattox,"  which  was 
the  original  designation  of  the  formation.  As  to  age,  the  formation  is 
regarded  as  late  Neocene.  The  character,  distribution,  and  stratigraphlc 
position  of  the  formation  in  North  Carolina  are  described. 

Stanton,  T.  W. — Cretaceous  and  Tertiary  Strata  Xear  Wihninfjton,  .V.  C. 
Amer.  Geol.,  vol.  7,  pp.  333-3.34,  1891. 
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The  Eocene  exposures  at  Wilmington,  Castle  Hayne,  and  Rocky  Point 
are  briefly  described.  There  the  formation  rests  upon  the  Cretaceous,  and 
fossils  from  the  latter  are  found  redeposited  in  the  Eocene  strata  mingled 
with  Eocene  fossils.  The  Cretaceous  forms  present  in  the  Eocene  deposit 
at  Castle  Hayne  are  as  follows : 

Cardium  eufaulense  Con.  Ostrea  subapatulata  L.  and  S. 

Exogyra  costata  Say.  Crassatella  ptcropsis  Con. 

Aphrodina  tippana  Con.  Trigonia  divaricata  Tuomey  (=r. 

Cucullwa  antrosa  Mort.  anguHcosta  Gabb). 

Pachycarditini  spillmani  Con. 

White,  Charles  A. — Correlation  Papers.  A  Revieic  of  the  Cretaceous  Forma- 
tions of  North  America.  l\  S.  Geol.  Surv.,  Bull.  Xo.  82,  1801,  pp.  74-100. 
The  known  facts  regarding  the  character  and  distribution  of  the  Cre- 
taceous in  North  Carolina  are  briefly  summarized.  He  expresses  the 
opinion  that  both  the  marine  and  uonmarine  divisions  of  the  Cretaceous 
are,  or  originally  were,  continuous  throughout  the  Atlantic  border  region. 

1892. 

Dall,  William  Healey,  and  Harris,  Gilbert  Dennison. — Correlation  Papers 
— Neocene,  U.  S.  Geol.  Surv.,  Bull.  No.  84,  349  pp.,  3  maps,  3  pis.,  43 
figs. ;  Washington,  1892. 

In  this  report  a  summary  of  all  previously  published  literature  describ- 
ing the  Miocene  and  Pliocene  strata  of  the  United  States  is  given.  The 
principal  statements  pertaining  to  North  Carolina  are  largely  taken  from 
publications  by  Kerr. 

Genth,  Frederick  A. — The  Minerals  of  North  Carolina.  U.  S.  Geol.  Surv.,  Bull. 
No.  74,  119  pp. ;  Washington,  1891. 

Calclte,  limonite.  slderlte,  pyrite,  phosphate  nodules,  glauconite,  and 
lignite  are  reported  from  numerous  places  in  the  Coastal  Plain  of  the 
State,  while  vivlanite  is  reported  from  Tertiary  marl  of  Edgecombe  County. 

Holmes,  J.  A. — Character  and  Distribution  of  Road  Materials.  Jour.  Elishn 
Mitchell  Sci.  Soc,  Pt.  II,  1892,  pp.  66-81. 

The  writer  discusses  briefly  tlie  value  of  the  limestones  contained  in 
the  Tertiary  beds  of  the  State  for  road-building  purposes.  Of  these,  the 
limestones  exposed  along  the  Northeast  Cape  Fear  and  Trent  rivers  are 
considered  of  greatest  importance. 

There  is  also  a  brief  statement  of  the  distribution  of  gravels,  and  their 
availability  as  road  materials  is  discussed. 

1S93. 

Boyle,  Cornelius. — A  Catalogue  and  Bibliography  of  Noi-fh  American  Mesozoic 
Invertebrata.    U.  S.  Geol.  Surv.,  Bull.  No.  102,  1893. 

Cobb,  Collier. — Notes  oti  the  Deflective  Effect  of  the  Earth's  Rotation  as  Shown 
in  Streams.     Blisha  Mitchell  Sci.  Soc.  Jour.,  1893,  pp.  26-32. 
Discusses  the  deflective  effect  of  the  earth's  rotation  on  the  courses 
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of  streams.  Cites  examples  of  such  deflection  in  rarious  parts  of  the 
world,  and  notes  particularly  the  apparent  operation  of  this  force  on  the 
streams  of  North  Carolina. 

Holmes,  J.  A. — Geology  of  the  Sandhill  Country  of  the  Carolinas.  Geol.  Soc. 
Amer.  Bull.,  vol.  5,  181'3,  pp.  33-34. 

Describes  the  character,  stratigraphlc  relations,  age,  etc.,  of  the  deposits 
of  the  sandhill  region  of  the  Carollnas.  Recognizes  Cretaceous,  Eocene, 
Lafayette,  and  Columbia  deposits. 

The  Cretaceous  deposits  consist  of  several  hundred  feet  of  arkosic  sands 
with  subordinate  clay  beds.    The  upper  surface  is  deeply  eroded. 

Eocene  remnants  are  said  to  cap  many  hills  at  an  elevation  of  500  feet 
above  tide-level.  "The  submergence  during  Eocene  deposition  could  hardly 
'  have  been  less  than  600  or  700  feet,  and  may  have  been  several  hundred 
feet  more,  and  the  Eocene  waters  for  a  short  time  may  have  covered  a 
considerable  part  of  the  Piedmont  Plateau  and  washed  against  the  slopes 
of  King's  and  Anderson's  and  the  Sauratown  Mountains*'   (p.  34). 

The  sands  and  loams  of  the  Lafayette  formation  overlie  unconformably 
both  the  Cretaceous  and  Eocene  deposits.  These,  also,  have  been  deeply 
eroded. 

A  mantle  of  sands  and  loams,  classed  as  Columbia,  overlies  all  older 
formations. 

NiTZE,  H.  B.  C. — Iron  Ores  of  Xorth  Carolina.  A  Preliminary  Report.  N.  C. 
Geol.  Surv.,  Bull.  No.  1,  pp.  21-239,  pis.  i-xx,  figs.  1-58,  maps.     Raleigh, 

Limonite  is  reported  from  Edgecombe,  Pitt,  Halifax,  and  Robeson  coun- 
ties, but  the  geological  horizon  Is  not  stated.  On  the  accompanying 
geological  map  the  Tertiary  is  not  separated  into  formations,  as  the  author 
says  that  he  does  not  have  sufficient  information  to  draw  the  formation 

lines. 

lSf»4. 

Hayes,  C.  W.,  and  Campbell,  M.  R. — Geomorpholof/y  of  the  Southern  Appa- 
laehianft.     Nat.  Geog.  Mag.,  vol.  G,  1804.  pp.  63-126. 

The  probable  connection  of  the  Cape  Hatteras  axis  and  the  Cincinnati 
uplift  with  a  transverse  fold  in  the  Appalachian  region,  which  is  ex- 
pressed in  the  deformed  contour  lines  in  the  Cretaceous  peneplain  of  the 
latter  region,  is  discussed  (p.  81). 

1805. 

Abbe,  Cleveland  (Jr.). — Remarks  on  the  Cuspate  Capes  of  the  Carolina  Coast. 
Boston  Soc.  Nat.  Hist,  Proc.,  vol.  26,  1805,  pp.  480-407. 
Discusses  the  origin  of  the  Cuspate  Capes  of  the  Carolina  Coast. 

1806. 

Dartox.  X.  H. — Artesian  Well  Prospects  in  the  Atlantic  Coastal  Plain  Region. 
U.  S.  Geol.  Surv.,  Bull.  No.  138,  233  pp.,  10  pis.,  Washington,  1806. 

A  brief  r§sum6  of  the  geology  of  the  Coastal  Plain  is  given  in  this 
report.  A  section  across  tiie  State  prepared  by  Prof.  J.  A.  Holmes  Is 
included.  Sections  of  wells  in  Wayne,  Pender,  and  New  Hanover  counties, 
which  penetrate  Cretaceous  beds,  are  also  given. 
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Dabton,  N.  H. — Notes  on  Relations  of  Lower  Members  of  the  Coastal  Plain 
Series  in  South  Carolina.    Geol.  Soc.  Amer.,  Bull.,  vol.  7,  1896,  pp.  512-518. 
The  paper  is  of  interest  because  the  beds  described  constitute  the  South 
Carolina  equivalents  of  formations  recognized  In  North  Carolina. 

Fontaine,  Wiixiam  M. — The  Potomac  Formation  in   Virginia.    U.   S.   Geo!. 
Surv.,  Bull.  No.  145,  1896,  149  pp. 

Again  describing  the  supposed  Potomac  at  Weldon,  the  author  says: 
"In  only  one  place,  and  in  a  very  limited  space,  did  I  find  the  surface  of 
the  gneiss  laid  bare.  This  was  in  the  channel  of  a  small  run  that  entered 
the  river  on  the  north  side  of  and  near  the  bridge  head.  Here  a  deposit,  a 
few  inches  thick,  of  coarse,  gray  grit,  with  occasional  large  pebbles.  Is 
displayed.  The  material  has  all  the  lithological  characters  that  distin- 
guish the  Potomac  formation.  It  seems  to  owe  its  preservation  to  Its  firm 
union  with  the  uneven  surface  of  the  gneiss"  (p.  25). 

Holmes,  J.  A. — Notes  on  the  Kaolin  and  Clay  Deposits  of  North  Carolina. 
Trans.,  Amer.  Inst.  Min.  Engrs.,  vol.  25,  pp.  929-936,  1896. 

The  author  states  that  beds  of  laminated  dark-colored  Potomac  clays 
containing  in  places  lignite  and  pyrite,  occur  on  the  rivers  crossing  the 
Coastal  Plain,  notably  along  the  Cape  Fear  River  for  50  miles  below 
Fayetteville.  A  vertical  section  of  Prospect  Hall  BlufiP,  93  miles  above 
Wilmington,  is  given. 

The  following  statements  are  made  in  regard  to  the  Eocene:  "Along 
the  western  border  of  the  Coastal  Plain  region,  especially  in  Moore  and 
Harnett  counties,  there  are  limited  exposures  of  siliceous  Eocene  deposits 
(overlying  the  Potomac  series,  and  capping  some  of  the  sandhills),  which 
have  recently  been  tested  for  fire  brick  with  very  satisfactory  results. 
These  deposits  are  from  5  to  15  feet,  or  more,  in  thickness,  and  are  over- 
lain by  but  a  few  feet  of  loose  sand"  (p.  935).  Analysis  of  Eocene  fire 
clay  two  miles  northeast  of  Spout  Springs: 

SiO,   .' 87.70 

AiaO,    3.29 

Fe,0,   2.81 

CaO 48 

MgO 40 

Alkaline  chlorides 1.4S 

Loss  on  Ignition 3.15 


99.31 


Mention  is  made  of  exposures  of  blue  Miocene  marl  at  various  places  In 
the  Coastal  Plain,  especially  on  the  Roanoke  and  Tar  rivers,  that  may 
prove  to  be  of  some  value  for  the  manufacture  of  clay  products. 

He  describes  briefly  the  geography,  distribution,  and  character  of  the 
Lafayette  and  Columbia  formations  (pp.  935-936). 

1897. 

RiES,  Heinbich. — Clay  Deposits  and  Clay  Industry  in  North  Carolina.    N.  G. 
Geol.  Surv.,  Bull.  No.  13,  1897,  157  pp.,  12  pis.,  5  figs. 
In  this  report  the  black  clays  occurring  from  10  to  60  miles  below 
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« 

Fayettevllle  on  Cape  Fear  River  are  regarded  as  Potomac.  Special  meu- 
tlon  is  made  of  the  clays  at  Prospect  Hall  BlufT,  an  analysis  of  which  is 
given.  The  clays  occurring  in  the  cuts  at  Spout  Springs  in  Harnett 
County  are  erroneously  referred  to  the  Eocene,  while  those  between  Spout 
Springs  and  Fayettevllle  are  regarded  as  of  uncertain  age,  either  Eocene 
or  Cretaceous. 

He  describes  the  occurrence  of  clays  in  the  Lafayette  and  Pleistocene 
formations  and  gives  specific  localities  in  various  counties  (pp.  102-138). 

1898. 

WooLMAN,  Lewis. — Fossil  MoUusks  and  Diatoms  from  the  Dismal  Sicamp, 
Virginia  and  North  Carolina;  Indication  of  the  geological  age  of  the 
deposits;  with  notes  on  the  diatoms  by  Charles  C.  Boyer.  Proc.  Phila. 
Acad.  Nat.  Scl.,  1898,  pp.  414-424,  1898. 

Fossils  from  the  Dismal  Swamp  Canal,  near  Lilly,  are  described  and  the 
strata  containing  them  referred  to  the  late  Pliocene  or  possibly  the  Pleis- 
tocene. They  are  correlated  with  the  fossiliferous  strata,  near  Croatau, 
N.  C. 

1899. 

Glenn,  L.  C. — The  Hatteras  Axis  in  Triassic  and  in  Miocene  Time.  Amer. 
Geol.,  vol.  23,  pp.  375-379,  1899. 

The  writer  believes  that  during  both  the  Triassic  and  Miocene  periods 
the  central  portion  of  the  State  of  North  Carolina  was  a  region  of  much 
greater  stability  than  the  regions  on  either  side,  and  that  a  line  or  belt 
extending  from  Cape  Hatteras  westward  served  as  an  axis,  so  that  when 
the  region  to  the  north  was  depressed  the  region  to  the  south  was  uplifted, 
and  vice  versa.  The  reason  for  this  belief  is  the  dissimilarity  of  the 
Triassic  and  Tertiary  deposits  of  Virginia,  Maryland,  and  New  Jersey 
when  compared  with  those  of  South  Carolina  and  the  Gulf  States. 

He  asserts  that  the  region  of  the  so-called  "Hatteras  Axis"  has  been  one 
of  minimum  movement  since  the  beginning  of  Lafayette  time. 

1900. 

Holmes,  J.  A. — The  Cretaceous  and  Tertiary  Section  Bettcccn  Cape  Fear  and 
FayettevUle,  N.  C.    Abstract,  Science,  new  series,  vol.  11,  p.  143,  1900. 

Brief  mention  is  made  of  the  great  unconformity  between  the  Cretaceous 
and  the  Tertiary,  and  the  erosion  Intervals  at  the  close  of  the  Eocene  and 
Lafayette. 

Holmes,  J.  A. — TJic  Deep  Well  at  Wilmington^  y.  C.  Science,  n.  s.,  vol.  11, 
1900,  pp.  128-130. 

Describes  the  character  of  the  materials  and  the  nature  of  the  water 
encountered  in  this  well.  A  thickness  of  1,109  feet  of  tapper  Cretaceous 
sediments  was  penetrated,  at  the  base  of  which  granite  was  encountered. 
On  the  basis  of  the  contained  fossils.  Dr.  Stanton,  who  Identified  them, 
classes  the  upper  720  feet  of  materials  as  Ripley  and  the  remainder  of 
the  strata  down  to  the  granite  as  Eutaw.     Potomac  equivalents  are  absent. 
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1902. 

Dabton,  N.  H. — yorfolk  Folio,  Virginioryorth  Carolina,    U.  S.  Geol.  Surv., 

Geol.  Atlas  of  U.  S.,  Folio  No.  80,  4to,  4  pp.,  2  maps,  6  figs.,  Washington, 

1902. 

The  configuration  of  a  portion  of  Camden  and  Currituck  counties  is 

described.    The  author  states  that  the  Pliocene  probably  underlies  the 

entire  Dismal  Swamp  region,  though  the  paleontologlcal  evidence  which 

he  offers  does  not  seem  to  be  conclusive,  and  in  the  present  report  these 

strata  are  referred  to  the  Pleistocene.    The  origin  of  the  Dismal  Swamp 

is  also  discussed. 

1903. 

Cobb,  Oollieb. — Origin  of  the  Sandhill  Topography  of  the  Carolinas.  Science, 
n.  s.,  vol.  17,  1903,  pp.  226-227. 

Notes  leolian  cross-bedding  in  the  sand  accumulations.  Comments  on  the 
similarity  in  composition  of  these  sands  to  those  of  the  present  beaches,  and 
states  that  this  explains  the  origin  of  some  of  the  topographic  features. 

1904. 

Cobb,  Collieb. — The  Forms  of  Sand-dunes  as  Influenced  Jyy  Neighboring 
Forests.    Elisha  Mitchell  Sci.  Soc.  Jour.,  vol.  20,  1904,  p.  14. 

Discusses  the  factors  which  tend  to  prevent  sand-dunes,  which  have 
been  heaped  up  along  the  coast  by  east  winds,  from  being  blown  back  into 
the  sea  by  west  winda 

Pbatt,  Joseph  Hyde. — The  Mining  Industry  in  North  Carolina  During  1903. 
N.  C.  Geol.  Surv.,  Econ.  Paper  No.  8,  74  pp.,  map;  Raleigh,  1904. 

The  shell  limestones  along  the  Northeast  Cape  Fear  and  Trent  rivers 
are  briefly  described  and  statements  are  made  concerning  their  use  for 
structural  purposes  and  as  a  source  for  lime  (p.  56). 

Sloan,  Eable. — A  Preliminary  Report  on  the  Clays  of  South  Carolina.    South 

Carolina  Geological  ^rvey,  series  4,  Bull.  No.  1,  1904,  175  pp. 

Describes  and  classifies  the  Coastal  Plain  deposits.    He  introduces  the 

name  "Hamburg  clays"  for  the  basal  Cretaceous  formation,  and  the  name 

Middendorf  beds  for  an  immediately  overlying  Cretaceous  formation.    The 

"Hamburg  clays"  correspond  to  the  Patuxent  formation  of  the  present 

report. 

1905. 

Fulleb,  M.  L. — Underground  Waters  of  Eastern  United  States:  North  Caro- 
lina. U.  S.  Geol.  Survey  Water  Supply  and  Irrigation  Paper  No.  114,  pp. 
136-139,  1  fig. ;  Washington,  1905. 

The  article  contains  a  very  brief  description  of  the  Coastal  Plain  region 
of  North  Carolina. 

Wabd,  Lesteb  F. — Status  of  the  Mesozoic  Floras  of  the  United  States,  U.  S. 
Geol.  Survey,  Mon.  48,  1905 ;  Pt.  I,  text  616  pp. ;  Pt.  II,  119  pis. 

Describes  briefiy  (pp.  385-392)  the  Cretaceous  deposits  exposed  on  Cape 
Fear  River  and  some  of  its  tributaries,  and  in  the  railroad  cuts  between 
Sanford  and  Fayettevilie.  Those  appearing  in  the  bluffs  at  Fayetteville 
are  referred  to  the  older  Potomac  of  Virginia.    Higher  beds  farther  down 
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the  river  are  referred  to  the  newer  Potomac.  Of  the  river  exposures 
talsen  collectively  he  states  that  "The  section  seems  to  be  complete  from 
the  older  Potomac  through  the  marine  Cretaceous,  and  the  later  Tertiary 
overlies  the  last."  The  beds  exposed  in  the  railroad  cuts  above  mentioned 
are  referred  to  the  Tuscaloosa  formation  of  Alabama. 

1906. 

Chambeblin,  T.  C,  and  Salisbury,  R.  D, — Geology,  vol.  3,  1906.  Lafayette, 
pp.  301-308.     Columbia,  pp.  447-454. 

Describes  the  character,  distribution,  etc.,  of  the  Lafayette  and  Columbia 
formations  and  concludes  that  their  origin  is  largely  due  to  fluviatile  and 
subaerial  processes. 

Cobb,  Coixieb. — Notes  on  the  Geology  of  Currituck  Banks.  Elisha  Mitchell 
Scl.  Soc.  Jour.,  vol.  22,  No.  1,  1906,  pp.  17-19. 

Describes  the  physical  character  of  these  banks  and  discusses  their  origin. 
Expresses  the  view  that  the  coast  in  the  vicinity  of  Currituck  Banks  is 
now  subsiding. 

Cobb,  Collier. — Where  the  Wind  Does  the  Work.  Nat.  Geog.  Mag.,  vol.  17,  No. 
6,  1906,  pp.  310-317,  10  figs.  Elisha  Mitchell  Scl.  Soc.  Jour.,  vol.  22,  No. 
3,  1906,  pp.  80-85. 

Describes  wind-blown  sand-dunes  and  their  migrations  on  the  chain  of 
low-lying  sand  reefs  and  islands  along  the  Atlantic  coast  of  North 
Carolina. 

Salisbury,  Rollin  D. — See  Chambeblin,  T.  C,  and  Salisbury,  R.  D. 

Sanford,  Samuel. — Record  of  Deep  Well  Drilling  for  1905.  U.  S.  Geol.  Surv., 
Bull.  No.  298,  1906,  pp.  15-296. 

Describes  well  sections  at  Klnston,  Fort  Caswell,  and  Pinehurst  (pp. 
245-246). 

Shattuck,  George  B. — Pliocene  and  Pleistocene  Deposits  of  Maryland.  Mary- 
land Geol.  Survey,  1906,  237  pp.,  pis.  75.  * 

A  monographic  study  of  the  Pliocene  and  Pleistocene  deposits  of  Mary- 
land. 

1907. 

Berry,  Edward  W. — Coastal-Plain  AmJ)€i\    Torreya,  vol.  7,  No.  1,  1907,  pp.  4-6. 
The  presence  of  amber  is  noted  in  Cretaceous  deposits  near  Blackmans 
Bluff  on  Neuse  River,  and  near  Parker  Landing  on  Tar  River,  both  in 
North  Carolina. 

Berry,  Edward  W. — Contributions  to  the  Mcsozoic  Flora  of  the  Atlantic  Coastal 
Plain.  II.  North  Carolina.  Torrey  Botanical  Club  Bull.,  vol.  34,  No.  4. 
1907,  pp.  185-206,  pis.  11-lG. 

Notes  the  occurrence  of  29  recognizable  species  of  plant  remains  In  the 
transitional  Cretaceous  bods  of  North  Carolina,  and  of  these  7  are  described 
and  figured  as  new.  He  correlates  the  beds  provisionally  with  the  Tus- 
caloosa formation  of  Alabama  and  the  Rarltan  formation  of  New  Jersey, 
but  predicts  that  they  will  eventually  prove  to  Include  representatives  of 
both  the  upper  Tuscaloosa  and  Eutaw  formations  and  the  Magothy  and 
Rarltan  formations  of  New  Jersey. 
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Bebbt,  E)dwabo  W. — Cretaceous  Florae  in  Xorth  and  South  Carolina,  Johns 
Hopkins  University  Circular,  n.  s.,  1907,  No.  7  (whole  No.  199),  pp.  79-91. 
Notes  the  discovery  in  North  and  South  Carolina  of  fossil  plant  localities 
which  yield  forms  belonging  to  a  remarkable  Cretaceous  flora  of  compara- 
tive modern  asi)€ct,  originally  described  from  Greenland  by  Oswald  Heer, 
and  now  known  to  occur  interruptedly  at  localities  from  New  England  to 
Alabama.  A  list  of  15  species  belonging  to  this  flora,  from  a  new  locality 
at  Court  House  Bluff,  Cape  Fear  River,  Bladen  County,  N.  C,  is  given. 

Bebby,  Edwabd  W. — Contrihuiions  to  Pleistocene  Flora  of  North  Carolina. 
Jour,  of  Geol.,  vol.  15,  1907,  pp.  338-349. 

Announces  the  discovery  of  two  Pleistocene  plant  localities  in  the 
Coastal  Plain  of  North  Carolina  and  gives  a  brief  preliminary  descrip- 
tion of  the  fossil  plants  obtained.  As  regards  their  significance,  he  con- 
cludes that  the  temperatures  were  not  lower  than  at  the  present  time  In 
the  same  latitude  and  may  have  been  higher.  The  flora  shows  a  very 
modern  aspect  and  indicates  a  short  lapse  of  time  in  a  geological  sense 
since  the  deposition  of  the  beds. 

Cobb,  Collieb. — Geology  of  Core  Bank.  Science,  n.  s.,  vol.  25,  1907,  p.  298. 
Ellsha  Mitchell  Sci.  Soc.  Jour.,  vol.  23,  No.  1,  May,  1907,  pp.  26-28. 

Discusses  the  character  and  origin  of  Core  Banks  and  states  that  the 
coast  south  of  Hatteras  is  rising,  and  not  subsiding. 

Johnson,  B.  L. — Pleistocene  Terracing  in  the  North  Carolina  Coastal  Plain, 
Science,  n.  s.,  vol.  26,  1907,  pp.  640-642. 

Describes  a  series  of  ocean-bordering  terraces  with  estuarine  retJntrants 
which  together  make  up  the  principal  surface  features  of  the  North  Caro- 
lina Coastal  Plain. 

McCabthy,  Gebald. — Ground  and  Deep  Waters  of  North  Carolina.  Bull,  of 
the  North  Carolina  Board  of  Health,  vol.  22,  No.  1,  1907,  pp.  1-14, 
6  figs. 

Discusses  briefiy  and  in  a  general  way  the  geology  of  the  Coastal  Plain 
of  the  State. 

Sloan,  Eable. — Geology  and  Mineral  Resources  (South  Carolina).  Hand- 
book of  South  Carolina,  issued  by  the  State  Department  of  Agriculture, 
Commerce  and  Immigration,  1907.  Chapter  5,  pp.  77-145,  map,  pp. 
138^139. 

Classifies  the  Coastal  Plain  formations  of  the  State.  Introduces  the 
names  Black  Creek  shales  and  "Burches  Ferry  marls"  for  I'pper  Cre- 
taceous formations  corresponding  respectively  to  the  Black  Creek  and 
Peedee  formations  of  North  Carolina,  as  defined  in  the  present  report. 

Stephenson,  L.  W. — Some  Facts  Relating  to  the  Mesozoic  Deposits  of  the 
Coastal  Plain  of  North  Carolina.  Johns  Hopkins  University  Circular, 
n.  s.,  1907,  No.  7  (whole  No.  199),  pp.  93-99. 

The  author  recognizes  three  divisions  in  the  Coastal  Plain  Mesozoic 
deposits  of  the  State.  The  lithologlc  and  paleontologic  characters,  the 
stratigraphic  relations  and  areal  extent  of  these  divisions  are  briefly 
summarized.  For  the  oldest,  which  is  correlated  approximately  with  the 
Patuxent   formation   of   Virginia    and   Maryland,   the  name   Cai)e   Fear 
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formation  is  proposed.  For  the  next  younger  division,  which  is  correlated 
provisionally  with  the  Tuscaloosa  formation  of  Alabama  with  the  sugges- 
tion that  they  may  prove  to  Include  equivalents  of  the  Eutaw  formation, 
the  name  "Bladen"  formation  is  proposed.  The  youngest  division  is  cor- 
related with  the  Ripley  of  Alabama  and  Mississippi,  and  the  latter  desig- 
nation is  applied  to  it. 

In  the  present  report  the  names  Patuxent,  Black  Creek,  and  Peedee 
replace  the  names  "Cai)e  Fear,"  "Bladen,"  and  "Ripley,"  respectively. 

In  connection  with  the  discussion  of  the  Mesozoic  strata  some  brief 
statements  are  made  in  regard  to  the  distribution  of  the  Eocene  and 
Miocene  of  the  State. 

iros. 

Bebry,  Edward  W. — Some  Araucarian  Remains  from  the  Allantic  Coastal 
Plain.  Torrey  Bot.  Club  Bull.,  vol.  35,  No.  5,  1908,  pp.  249-260,  pis.  11-16. 
Describes  two  new  species  from  the  "Bladen"  (Black  Cfeek)  formation 
of  North  Carolina,  namely.  Araucaria  bladcfienMs  and  A.  jeffreyi.  States 
that  the  former  "is  preeminently  the  type  fossil  of  the  Bladen  formation 
of  North  Carolina."  States  that  the  beds  in  which  these  forms  are  found 
should  probably  be  correlated  with  the  Magothy  formation  of  New  Jersey. 

Berry.  Edward  W. — A  Mid-Cretaccous  Species  of  Torreya.  Amer.  Jour.  Scl., 
4th  ser.,  vol.  25,  1908,  pp.  382-386. 

A  new  species  of  Torreya,  Tumion  caroHnianum,  from  Cretaceous  beds 
of  Rockfish  Creek  near  Hope  Mills.  Cumberland  County,  is  described. 

Sloan,  Earle. — A  Catalogue  of  the  Mineral  Localities  of  South  Carolina. 
South  Carolina  Geological  Survey,  series  4,  Bull.  No.  2,  1908,  505  pp.  and 
map  under  back  cover. 

The  geology  of  the  Coastal  Plain  region  of  the  State  Is  summarized, 
the  extent  and  character  of  the  various  Cretaceous.  Tertiary,  and  Quater- 
nary formations  being  Indicated  (pp.  434-485). 

1909. 

Berry.  Edward  W. — Additions  to  the  Pleistocene  Flora  of  Xorth  Carolina. 
Torreya,  vol.  9,  No.  4,  April,  1909,  pi).  71-73,  2  flgs. 

Enumerates  5  species  from  near  Weldon,  N.  C,  not  previously  listed 
from  the  Pleistocene  of  the  State,  and  figures  two  of  them. 

Stephknson,  L.  W.—CretnceoiiM  (mCoUhjij  of  the  Carolinas  and  Georgia.  Sci- 
ence, new  series,  vol.  30.  1909,  pp.  124-125. 

Summarizes  briefly  the  stratigraphy  of  the  Cretaceous  deposits  of  North 
Carolina,  indicating  their  approximate  correlations  with  other  Cretaceous 
deposits  in  the  Coastal  Plain  to  the  north  and  to  the  south,  and  discuss- 
ing briefly  their  possible  correlations  with   Cretaceous  deposits  in   the 

Western  Interior. 

1910. 

Berry,  Edward  W. — Contributions  to  the  Mesozoic  Flora  of  the  Atlantic 
Coastal  Plain.  V.  North  Carolina.  Torrey  Botau.  Club,  Bull.,  vol.  37, 
1910,  pp.  181-200,  pis.  10-24. 

Describes  29  new  species  of  fossil  plants  from  the  Black  Creek  formation 
of  North  Carolina. 
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Clark,  Wm.  B. — Results  of  a  Recent  Investigation  of  the  Coastal  Plain  For- 
mations in  the  Area  heticecn  Massachusetts  and  North  Carolina.  Bull. 
Geol.  Soc.  Amer.,  vol.  20,  pp.  640-654,  pi.  111.     (Read  December,  1909.) 

Describes  the  Cretaceous  formations  of  North  Carolina  and  points  out 
their  relations  to  the  Cretaceous  deposits  of  the  Northern  Coastal  Plain 
and  of  the  Gulf.  The  question  of  their  correlation  is  considered  in  much 
detail. 

THE   CRETACEOUS   FORMATIONS. 

By  L.  W.  Stephenson. 

HISTORICAL  REVIEW. 

The  earliest  account  of  strata  now  classed  as  Cretaceous,  in  the  State 
of  !N^orth  Carolina,  was  furnished  by  William  Bartram^  in  1791.  In 
the  course  of  his  travels  through  the  Southern  States  he  came  to  Ash- 
wood  on  Cape  Fear  River,  situated  3  or  4  miles  below  Whitehall  in 
Bladen  County,  the  exact  site  of  which  is  not  at  present  known.  A 
river  bluff  at  this  point  attracted  his  attention,  and  in  the  published 
account  of  his  travels  he  describes  in  considerable  detail  the  materials 
therein  exposed.  On  account  of  its  historic  interest  the  description  is 
quoted  (pp.  472-479),  as  follows: 

This  perpendicular  bank  of  the  river,  by  which  the  waters  swiftly  glide 
along,  discovers  at  once  the  various  strata  of  the  earth  of  this  low  maritime 
rountry.  For  the  most  part,  the  upper  stratum  consists  of  a  light,  sandy,  pale 
yellowish  mould  or  loam,  for  10  or  12  feet  in  depth  ♦  ♦  ♦;  this  sandy 
mould  or  loam  lays  upon  a  deep  bed  of  black  or  cfark  slate-colored  saline  and 
sulphureous  earth,  which  is  composed  of  horizontal  thin  flakes  or  laminie, 
separable  by  means  of  very  thin,  almost  Imperceptible  veins  or  strata  of  fine 
micaceous  particles  ♦  ♦  ♦ ;  other  places  present  to  view  strata  of  hetero- 
geneous matter,  lying  between  the  upper  loamy  stratum  and  the  bed  of  black 
saline  earth,  consisting  of  various  kinds  of  seashells,  some  whole,  others 
broken  to  pieces,  and  even  pulverized,  which  fill  up  the  cavities  of  the  entire 
shells,  and  the  interstices  betwixt  them;  at  other  places  we  observe,  two  or 
three  feet  below  the  surface. or  virgin  mould,  a  stratum  of  four,  five,  or  six 
feet  in  depth,  of  brow^nish  marl,  on  a  hied  of  testaceous  rocks ;  a  petrification 
composed,  apparently,  of  various  kinds  of  seashells,  belemnites,  sand,  etc.,  com- 
bined or  united  with  a  calcareous  cement;  *  ♦  ♦.  And  again  we  observe 
shells,  marcacites,  belemnites,  dentes  carcharlse,  with  pieces  of  wood  trans- 
muted, black  and  hard  as  sea  coal,  singly  Interspersed  In  the  black  vitriolic 
strata  of  earth ;     ♦    ♦     ♦. 

The  next  account  of  materials  falling  under  this  class  was  given  by 
Denison  Olmsted^  in  1827.  He  describes  a  deposit  of  so-called  cop- 
peras at  Spring  Bank,  7  miles  below  Waynesborough  (Goldsboro  of 
to-day)  in  Wayne  Coimty,  as  follows: 


^Travels  through  North  and  South  Carolina,  etc.     Philadelphia,  1791;  London,  1794. 
>GeolOKy  of  North  Carolina.  Pt.  II,  1827,  pp.  87-141  (especially  pp.  98-99). 
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About  12  feet  above  the  bed  of  the  river  the  eye  meets  with  a  layer  of 
greeDsand,  embracing  a  black,  charry  substance,  which,  on  examination,  is 
found  to  be  fossil  wood,  in  the  state  vf  coarse  coal.  Here  may  be  found  by 
digging,  the  trunks,  branches,  and  bark  of  trees,  forming  a  kind  of  sub- 
terranean forest.  In  company  with  this  stratum  is  found  the  coi^Jt^ras,  more 
or  less  mixed  with  sand,  from  which  it  is  easily  separated  by  lixiviation,  as 
ashes  are  lixiviated  in  making  soap. 

He  states  that  these  copperas  deposits  extend  for  more  than  100  miles 
along  the  banks  of  the  river. 

In  the  same  year  Elisha  Mitchell^  described  briefly  an  occurrence  of 
blue  marl  on  N^ortheast  Cape  Fear  River  at  South  Washington.  This 
was  later  referred  by  Hodge  to  the  "Secondary  formation,"  and  by 
Lyell  to  the  Cretaceous  of  Xew  Jersey. 

In  this  same  year  also  Lardner  Vanuxem,"*  through  Prof.  S.  G. 
Morton,  proposed  a  classification  of  the  Atlantic  Coastal  Plain  deposits, 
dividing  them  into  three  major  divisions,  namely,  in  ascending  order, 
the  Secondary,  Tertiary,  and  Alluvial  formations.  The  only  locality 
in  North  Carolina  mentioned  as  belonging  to  the  "Secondary  forma- 
tion" was  near  Ashwood  on  Cape  Fear  River.  Doubtless  this  is  the 
exposure  described  by  Bartram  in  1791. 

No  further  contributions  were  made  to  the  knowledge  of  the  Creta- 
ceous in  this  State  until  1841,  w^hen  James  T.  Hodge,^  in  the  account 
of  his  travels  in  the  Southern  States,  described  brieflv  the  marl  localitv 
at  South  Washington.  He  mentions  the  occurrence  of  Exogyra  costata, 
BelemniteUa,  Plagiostoma  palagicwtn,  and  Anomia  ephippiiim,  and  on 
the  evidence  of  these  fossils  correlates  the  rock  with  the  "Secondary 
formation." 

The  following  year  the  same  locality  was  visited  by  Charles  Lyell. 
In  several  publications  appearing  between  the  years  1842  and  1845*^ 
he  correlated  the  marl  definitely  wuth  the  New  Jersey  Cretaceous  marl 
and  with  the  Cretaceous  of  Europe.  A  new  species  of  oyster,  Ostrea 
suhspaiulata,  obtained  by  Lyell  at  this  locality,  was  described  and  fig- 
ured bv  Edward  Forbes"  in  1845. 

The  limestone  and  phosphate  conglomerate  in  the  vicinity  of  Wil- 
mington, previously  regarded  by  Hodge  and  others  as  an  upper  "Sec- 
ondary" deposit  or  a  deposit  interposed  between  the  Cretaceous  and  the 
Eocene,  was  referred  by  Lyell  to  the  Eocene. 


•GeoloKy  of  North  Carolina,  Pt.  Ill,  Raleigh,  1S27,  27  pp.  (especially  p.  14). 

<Acad.  Nat.-Sci.,  Philadelphia.  Joim,  vol.  6,  1827,  pp.  59-71. 

'Am.  Jour.  Sci..  vol.  41.  pp.  332-344.  1S41. 

•Geol.  Soc,  London,  Proc.  vol.  3,  1842,  p.  736.  Am.  Jour.  Sci.,  vol.  47,  1844,  pp.  213-214. 
Travels  in  North  America,  etc.,  2  vols.,  New  York,  1845  (especially  vol.  1,  p.  156).  Geol.  Soc., 
I/Ondon,  Quart.  Jour.,  vol.  1,  1845,  pp.  55-60. 

'Geol.  Soc,  London,  Quart.  Jour.,  vol.  1,  1845,  pp.  61-62. 
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The  deposits  in  South  Carolina  referable  to  the  "Secondary  forma- 
tion" were  described  by  Edmund  Euffin^  in  1843.  The  name  Peedee 
is  applied  to  a  so-called  marl  bed  outcropping  on  lower  Great  Peedee 
River  from  Jeffreys  Creek  southward.  He  describes,  but  does  not 
name,  a  dark  shale  or  clay  which  immediately  underlies  the  Peedee  bed. 
The  Peedee  is  essentially  the  same  terrane  as  that  designated  by  Sloan, 
in  1907,  the  "Burches  Ferry  marl,"  while  the  dark  clay  forms  a  part 
of  the  Black  Creek  shale  of  the  same  author. 

In  1848,  Prof.  Michael  Tuomey^  correlated  the  Cretaceous  strata 
recognized  in  South  Carolina,  principally  on  lower  Great  Peedee  River 
and  its  tributaries,  with  the  Cretaceous  beds  outcropping  on  Cape  Fear 
River  in  Iforth  Carolina. 

The  greensands  exposed  in  the  bluffs  of  Cape  Fear  River  below  Eliz- 
abethtown  and  at  Wilmington  were  definitely  correlated  with  the  Creta- 
ceous by  Prof.  Ebenezer  Emmons  ^°  in  1852.  He  mentions  the  occur- 
rence of  the  characteristic  Cretaceous  fossils  Exogyra  costata  and  Be- 
lemnitella  in  the  greensands.  He  treats  at  considerable  length  the  sub- 
ject of  the  value  of  the  Cretaceous  greensand  marls  as  fertilizers. 

The  report  of  Professor  Emmons^  ^  on  the  "Agriculture  of  the  Eastern 
Counties,"  published  in  1858,  adds  a  few  additional  facts  to  those 
already  known  concerning  the  Cretaceous  strata.  Detailed  descriptions 
are  given  of  several  of  the  bluffs  on  Cape  Fear  River  below  Elizabeth- 
town.  Sandbeds  beneath  Miocene  shell  marl,  regarded  as  probably  of 
Eocene  age,  are  said  to  extend  from  Browns  Landing,  24  miles  below 
Elizabethtown,  upstream  nearly  to  Fayetteville.  These  beds  are  now 
referred  to  the  Cretaceous.  Cretaceous  greensands  are  mentioned  as 
present  on  iN'euse  River  at  Kinston.  Light-gray  sands  occurring  be- 
neath shell  marls  [Miocene]  at  Tarboro  on  Tar  River  are  correctly 
referred  by  him  to  the  Cretaceous,  but  he  regards  them  as  interbedded 
in  the  greensand,  and  not  belonging  to  a  lower  division  of  the  Creta- 
ceous, as  is  now  known  to  be  the  case.  The  report  contains  descriptions 
and  figures  of  a  number  of  Cretaceous  vertebrate  and  invertebrate  fossils. 

The  first  attempt  to  correlate  the  North  Carolina  Cretaceous  with 
deposits  in  the  Gulf  region  was  made  by  T.  A.  Conrad  in  1871.  The 
following  is  quoted  from  a  letter  written  by  him  from  Greenville,  N".  C, 
to  J.  D.  Dana,  and  published  in  the  American  Journal  of  Science  :^^ 

^Report  of  the  Commencement  and  Progress  of  the  Agricultural  Survey  of  South  Carolina, 
Columbia,  S.  C,  1843  (especially  pp.  7,  24-27). 

•Geol.  of  South  Carolina,  Columbia,  S.  C,  1848  (especially  pp.  133-139). 
wGeol.  of  North  Carolina,  Raleigh,  1852  (especially  pp.  47,  72,  74, 107-109). 
"Raleigh,  1858  (especially  pp.  78-100,  193-314). 
»«3d  ser.,  vol.  1, 1871,  pp.  468-469. 


76  THE  COASTAL  PLAIN  OF  NOKTH  CAEOLINA. 

At  Colonel  Yellowby's  marl  pit,  where  digging  is  now  in  progress,  I  found 
the  Miocene  about  3  or  4  feet  in  thickness,  resting  on  black  Cretaceous  sand 
with  black  gravel,  and  containing  characteristic  Ripley  group  fossils.  It  is 
here  that  a  profusion  of  Belemnites  is  thrown  up  by  the  lal)orers,  over  the 
Miocene  marl  heap,  and  give  rise  to  the  opinion  that  they  occur  in  the  Miocene 
marl. 

At  Snow  Hill,  22  miles  from  here  in  Greene  County,  the  Ripley  group  is 
finely  developed,  containing  closely  packed  specimens  of  the  Ripley  species  in 
perfect  preservation. 

The  most  complete  and  comprehensive  report  on  the  geology  of  the 
State  afforded  by  the  literature  even  to  the  present  time  is  that  of  Prof. 
W.  C.  Kerr,^3  which  appeared  in  1875.  The  Cretaceous  is  de- 
scribed (pp.  147-149)  as  being  visible  only  on  the  river  bluffs  of  the 
southeastern  portion  of  the  State  from  the  Neuse  and  its  tributary,  Con- 
tentnea  Creek,  southward.  He  elsewhere  refers,  however,  to  outcrops 
on  Tar  River  (see  p.  191)  still  farther  to  the  northward.  His  descrip- 
tion of  the  Cretaceous  is  quoted: 

It  is  best  exposed  in  the  bluflPs  along  the  Cape  Fear  between  Fayetteville 
and  Wilmington.  The  rocks  of  this  system  (everywhere  very  slightly  com- 
pacted) are,  for  50  to  60  miles  below  Fayetteville,  sandstones,  clay  slates  and 
shales,  30  to  40  feet  thick,  in  many  places  dark  to  black  and  very  lignitic,  with 
projecting  trunks  and  limbs  of  trees,  and  at  a  few  points  full  of  marine  shells. 
These  beds  Dr.  Emmons  regards  as  probably  eocene.  For  40  to  50  miles  above 
Wilmington,  and  in  all  the  other  river  sections,  the  rock  is  a  uniform  dark, 
greenish-gray,  slightly  argillaceous  sandstone,  massive,  and  showing  scarcely 
any  marks  of  bedding.  This  sandstone  everywhere  contains  a  small  percent- 
age of  glauconite,  and  is  in  fact  the  representative  of  the  true  greeusand 
*  ♦  * ;  but  westward,  higher  up  the  Cape  Fear,  the  beds  lose  entirely  their 
glnuconitic  and  calcareous  character,  and  become  more  clayey  and  frequently 
black-lignitic  with  embedded  trunks,  limbs,  and  leaves  of  trees;  arid  not  un- 
frequently  It  is  composed  of  sandy  accumulations  exhibiting  much  false  bed- 
ding. These  beds  extend  a  hundred  miles  up  the  Cape  Fear  from  Wilmington. 
It  is  probably  the  same  lignitic  member  of  this  series  which  appears  at  low- 
water  In  the  Xeuse,  at  the  railroad  bridge  near  Goldsboro.  The  Cretaceous 
beds  of  North  Carolina  are  not  usually  very  rich  in  fossils,  the  greensand  con- 
taining generally  scattered  specimens  of  belemnites,  ostrea  larva,  exogyra 
costata,  and  an  occasional  anomia. 

The  following  fossil  localities  are  named:  Kelleys  Cove,  Cape  Fear 
River,  40  miles  [46  miles]  above  Wilmington,  in  a  stratum  2  to  4  feet 
thick;  and  Snow  Hill,  on  Contentnea  Creek,  Lenoir  County,  where  in 
a  line  of  bluffs  several  hundred  yards  loiig  and  20  to  40  feet  high  Creta- 
ceous shells  occur  in  a  sandy  marlite  10  to  12  feet  thick  at  base,  which 
he  regards  as  representing  a  Ripley  horizon. 


>»Geol.  of  North  Carolina,  1875  (especially  pp.  147-149). 
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In  an  appendix  accompanying  Professor  Kerr's  report  T.  A.  Conrad 
describes  46  new  species  of  Cretaceous  moUusks,  and  states  that  they  rep- 
resent the  Ripley  of  Mississippi.  He  includes  a  synopsis  of  the  Creta- 
ceous moUusca  of  INTorth  Carolina. 

Six  new  species  of  mollusks  from  the  Cretaceous  of  Xorth  Carolina 
were  described  by  Gabb^*  in  1876.  Two  of  these  were  from  Snow  Hill, 
but  the  exact  localities  from  which  the  remaining  were  obtained  is  not 
indicated. 

In  1888,  W  J  McGee^*^  described  materials  at  Weldon,  N.  C,  sup- 
posed by  him  to  be  a  southward  continuation  of  the  Potomac  group  of 
Virginia,  as  follows: 

The  southernmost  observed  occurrence  of  the  formation  Is  at  Welclon,  N.  C, 
where  a  bed  of  obscurely  stratified  arljose,  intersi>ersed  with  well-rounded 
quartzite  pebbles,  appears  In  the  north  bank  of  the  Roanoke  beneath  the  rail- 
way bridge.  The  deposit  rests  on  an  unequally  eroded  surface  of  gneiss,  is 
not  over  a  foot  thick,  and  is  unfossiliferous ;  but  its  composition  and  structure 
are  characteristic,  and  there  is  little  doubt  as  to  its  identity. 

In  Federal  Survey  reports  appearing  in  1889**  and  1896**^  William 
H.  Fontaine,  who  was  engaged  in  a  study  of  the  plant  remains  in  the 
Potomac  group,  accepted  McGee's  interpretation  regarding  the  age  of 
the  materials  at  ^eldon.  Recent  investigations  have  shown  the  prob- 
able absence  of  Potdmac  equivalents  in  this  immediate  vicinity. 

The  general  stratigraphic  conditions  in  the  lower  Cape  Fear  River 
region  were  described  by  Prof.  W.  B.  Clark*®  in  1890.  He  shows  that 
the  Cretaceous  greensand  marl  occupies  the  base  of  the  series  of  forma- 
tions exposed. 

The  same  year  Fontaine*®  announced  the  discovery  of  Potomac  strata 
at  Haywood,  Chatham  County,  N".  C,  but  later  work  has  thrown  doubt 
upon  the  correctness  of  this  interpretation. 

Dr.  C.  A.  White's  correlation  paper  on  the  Cretaceous  formations  of 
North  America,2o  which  appeared  in  1891,  contains  a  brief  review  of 
the  Cretaceous  of  North  Carolina.  He  quotes  Kerr's  discussion  regard- 
ing the  marine  division.  Concerning  the  nonmarine  division  [Poto- 
mac], he  says: 

It  Is  not  probable  that  any  extensive  exposures  of  the  nonmarine  division 
of  the  Cretaceous  exist  in  North  Carolina,  and  those  now  known  are  few  and 


"Acad.  Nat.  Sci.,  Proc,  Phlla.,  1876.  pp.  276-324. 
"Am.  Jour.  Sci.,  3d  ser..  vol.  35. 1888.  pp.  120-143  (especially  p.  126). 
"U.  S.  G.  S.  Monog.  15.  Text,  1889  (especially  pp.  45-46). 
"U.  S.  G.  S.  Bull.  145, 1896  (especially  pp.  24-25). 
"Bull.  Geol.  Soc.  Amer.,  vol.  1,  1890,  pp.  537-540.' 
»»Tenth  Ann.  Kept.  U.  S.  Geol.  Survey  (1888-1889).  1890,  p.  174. 

"Correlation  Papers — Cretaceous.     U.  S.  Geol.  Survey  Bull.  No.  82,  1891 ;  North  Carolina,  pp. 
91-92. 
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unimportant,  except  that  they  demonstrate  its  existence  there  and  afford 
presumptive  evidence  that  the  formation  is,  or  originally  was,  continuous 
throughout  the  whole  length  of  the  Atlantic  border  region. 

A  vertical  section  from  Haywood  to  New  Bern,  constructed  from 
data  derived  from  Kerr^s  report  of  1875,  is  given. 

An  important  contribution  to  the  literature  of  the  Carolina  Creta- 
ceous was  made  by  J.  A.  Holmes^i  in  1893.  The  following  general 
statements  are  made  concerning  the  Cretaceous  deposits  along  a  portion 
of  the  inland  margin  of  the  Coastal  Plain  region: 

That  part  of  this  region  which  lies  between  the  Neuse  and  Savannah  rivers 
has  been  examined  more  particularly,  and  in  this  region  the  following  sections 
will  indicate  fairly  well  the  geologic  structure: 

(a)  A  series  of  cross-bedded,  medium  to  coarse  arkose  sands  lying  on  the 
Irregularly  eroded  surface  of  the  crystalline  roclis.  These  beds,  which  are 
classed  provisionally  as  Cretaceous,  contain  In  the  upper  layers  in  places  lenses 
of  clay  and  occasional  thin  beds  and  seams  of  lignitic  material.  They  have 
been  deeply  eroded,  their  present  surface  rising  nearly  to  the  tops  of  the  highest 
hills  and  sluicing  to  the  level  of  the  deeper  valleys. 

The  thickness  of  these  sands  is  said  to  be  several  hundred  feet.  They 
are  overlain  by  remnants  of  Eocene  deposits,  by  loams  and  ferruginous 
sands  of  the  Lafayette  formation,  also  partly  eroded  away,  and  a  sur- 
face mantle  of  sands  and  loams  classed  as  Columbia.  In  this  paper  the 
author  does  not  attempt  to  differentiate  these  sands  as  between  Lower 
and  Upper  Cretaceous,  but  in  a  later  publication  (1896)22  he  correlates 
them,  as  well  as  other  Cretaceous  deposits  in  the  State,  with  the  Poto- 
mac (Lower  Cretaceous)  of  Virginia,  as  indicated  in  the  following 
quotation : 

In  the  Potomac  (Lower  Cretaceous)  formation  there  are  extensive  beds  of 
laminated,  dark-colored  clays,  exposed  along  the  banks  of  rivers  crossing  the 
Coastal  Plain  region,  notably  on  the  Cape  Fear  River,  for  50  miles  below 
Fayetteville.  These  clays  are  usually  dark  In  color,  owing  to  the  vegetable 
matters  which  they  contain ;  and,  in  some  cases,  they  are  highly  llgnltlc.  The 
thin  lamlnte  of  clay  are  frequently  separated  by  still  thinner  partings  of  sand ; 
and  frequently  within  a  short  distance  (from  a  few  feet  to  a  few  hundred  feet) 
the  clay  laminae  become  thin  and  disappear,  while  the  sand  partings  gradually 
thicken,  so  that  the  whole  assumes  the  character  of  a  sand-bed  Instead  of  a 
clay-bed.     *     ♦     ♦ 

Along  the  western  border  of  the  Coastal  Plain  region,  especially  in  Moore 
and  Harnett  counties,  there  are  limited  exposures  of  siliceous  Eocene  deposits 
(overlying  the  Potomac  series,  and  capping  some  of  the  sandhills).    *     *    ♦ 


"Abstract,  Geol.  Soc.  Amer..  Bull.,  vol.  5,  1893,  pp.  33-35. 
"Trans.,  Am.  Inst.  Min.  Engrs.,  vol.  25, 1896,  pp.  929-936. 
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Heinrich  Ries^^  in  1897  followed  Holmes  in  referring  the  deposits 
along  Cape  Fear  River  10  to  60  miles  below  Fayetteville  to  the  Poto- 
mac group.  Clays  in  the  railroad  cuts  at  Spout  Springs,  which  should 
have  been  referred  to  the  Potomac,  were  regarded  by  him  as  Eocene. 

The  first  data  throwing  light  on  the  character  of  the  deeper  Coastal 
Plain  deposits  near  the  coast  was  furnished  by  Holmes^"*  in  1900.  He 
describes  the  section  of  a  deep  well  drilled  at  Wilmington,  'N.  C,  in 
which  were  penetrated  1,109  feet  of  Upper  Cretaceous  strata,  at  the 
base  of  which  granite  was  encountered.  Dr.  T.  W.  Stanton,  to  whom 
the  fossils  obtained  were  submitted,  referred  the  upper  720  feet  of  strata 
to  the  Ripley  and  the  remainder  down  to  the  granite  to  the  Eutaw. 
The  section  is  especially  interesting  as  showing  the  absence  of  beds 
representing  the  Lower  Cretaceous,  between  the  Upper  Cretaceous  and 
the  basal  granite. 

The  Cape  Fear  River  section  was  discussed  by  Lester  F.  Ward^^  in 
1905.  He  describes  the  river  bluffs  at  Fayetteville  and  refers  them  to 
the  older  Potomac  of  Virginia,  stating  that  the  beds  of  arkose  probably 
represent  the  "Rappahannock  freestone,"  and  the  interstratified  clays 
probably  correspond  to  the  clay  lenses  in  the  "James  River  deposits." 
The  older  Potomac  beds  are  said  to  be  transgressed  by  marine  deposits 
which  occupy  the  top  of  the  bluffs  nearly  the  whole  distance.  The 
latter  statement  is  not  upheld  by  the  facts  as  shown  by  the  recent  studies 
of  the  region.  Higher  beds  farther  down  the  river,  on  the  evidence  of 
imperfect  dicotyledonous  leaves,  are  referred  to  the  newer  Potomac. 
Of  the  Cape  Fear  section  as  a  whole  he  says :  "The  section  seems  to  be 
complete  from  the  older  Potomac  through  the  Marine  Cretaceous,  and 
the  later  Tertiary  overlies  this  last."  He  regards  the  arkosic  deposit 
at  Haywood  as  Potomac.  The  upper  beds  along  the  railroad  between 
Sanford  and  Fayetteville  are  referred  to  the  Tuscaloosa,  apparently 
upon  lithologic  grounds.  The  exposures  in  the  bed  of  Little  River 
where  the  railroad  crosses  that  stream  are  correctly  regarded  as  older 
Potomac.  The  supposed  Potomac  at  Weldon  is  regarded  as  still  prob- 
lematical. 

A  resume  of  the  results  of  field  studies  carried  on  in  North  Carolina 
by  L.  W.  Stephenson  during  the  years  1905  and  1906  appeared  in 
1*907.2« 

Three  divisions  are  recognized  in  the  Mesozoic  deposits  of  the  Coastal 
Plain,  and  their  character,  geographic  distribution,  etc.,  are  described. 


»Norlh  Carolina  Geological  Survey,  Bull.  No.  13.  1897,  p.  46. 

««Science,  n.  s.,  vol.  11, 1900,  pp.  128-130. 

«U.  S.  Geol.  Survey,  Mon.  48. 1905  (especially  pp.  390-392). 

"Johns  Hopkimi  University  Circular,  n.  s.,  1907.  No.  7  (whole  number  199),  pp.  93-99. 
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The  oldest,  for  which  he  proposes  the  najne  "Cape  Fear"  formation, 
is  correlated  approximately  with  the  Patuxent  formation  of  Virginia. 
For  the  next  younger  division,  which  is  correlated  provisionally  with 
the  Tuscaloosa  formation  of  Alabama,  the  name  "Bladen"  formation  is 
proposed.  The  youngest  division  is  correlated  with  the  Ripley  of  the 
Gulf  region,  and  the  name  "Ripley"  formation  is  employed  to  designate 
it.  The  names  "Cape  Fear,"  "Bladen,"  and  "Ripley"  correspond  re- 
spectively to  the  names  Patuxent,  Black  Creek,  and  Peedee  as  used  in 
the  present  report. 

During  the  same  year  two  important  contributions  were  made  by 
E.  W.  Berry,  relating  to  collections  of  fossil  plants  made  by  himself 
and  Stephenson  from  the  "Bladen"  formation  during  the  two  preceding 
years.  Lists  are  given,  a  number  of  new  species  are  described  and 
figured,  and  the  significance  of  the  flora  is  discussed.  In  the  first  of 
these  papers^"^  he  discusses  the  age  of  the  plant-bearing  beds  as  follows : 

Because  of  their  geographical  position  these  beds  should  be  provisionally  cor- 
related with  the  Tuscaloosa  formation  of  Alabama ;  with  this  reservation,  how- 
ever, that  the  Tuscaloosa  flora,  as  far  as  it  is  known,  coincides  with  that  of  the 
Raritan.  Lithologically  these  North  Carolina  beds  are  much  more  like  the 
Magothy  of  New  Jersey,  Delaware,  and  Maryland  than  they  are  like  the 
Raritan,  and  it  seems  probable  that  when  the  problem  has  been  worked  out  for 
the  whole  Coastal  Plain  it  will  be  found  that  the  Tuscaloosa  formation  of 
Alabama  as  a  whole  includes  sediments  of  older  Potomac,  Raritan,  and  Magothy 
age,  while  what  is  here  called  the  Tuscaloosa  formation  in  North  Carolina, 
already  differentiated  from  the  older  Potomac,  includes  phases  corresponding 
to  both  the  Raritan  and  Magothy  formations  of  the  more  northern  portions  of 
the  Coastal  Plain  and  to  the  upper  Tuscaloosa  and  Eutaw  formations  of  tho 
Gulf  region. 

In  the  second,28  discussing  the  broader  significance  of  the  "Bladen" 

flora,  he  says : 

• 
The  remarkable  flora,  of  a  comparative  modern  aspect  which  seems  to  have 
evolved  In  the  Arctic  region,  and  which  migrated  southward  over  eastern  North 
America  during  the  Mid-Cretaceous,  has  been  discovered  at  a  large  number  of 
localities  during  the  last  decade.  Originally  described  by  Oswald  Heer  from 
the  west  coast  of  Greenland,  it  Is  now  known  from  Massachusetts,  the  southern 
New  England  Islands  from  Martha's  Vineyard  to  Brooklyn,  from  Staten  Is- 
land, and  from  the  Raritan  and  Magothy  formations  of  New  Jersey,  Delaware, 
and  Maryland.  From  Maryland  southward  there  has  been  a  long  break  in  the 
record,  no  plants  having  been  known  from  the  Potomac  to  the  Chattahoochee, 
or  a  distance  of  about  800  miles.  It  is  the  purpose  of  the  following  brief  note 
to  partially  bridge  over  this  intervening  area  and  record  this  Mid-Cretat^eous 
flora  from  both  North  and  South  Carolina. 


*7Bull.  of  the  Torrey  Botanical  Club,  vol.  34.  No.  4 .  1907.  pp.  185-206.  pis.  11-16. 
«Johns  Hopkins  University  Circular,  n.  s..  1907,  No.  7  (whole  number  199),  pp.  79-91. 


CRETACEOUS  FOBMATIOXS.  81 

In  the  same  paper,  discussing  the  distribution  of  fifteen  well-known 
forms,  most  of  which  come  from  Court  House  Landing,  Cape  Fear 
River,  he  says :  "Of  these,  seven  were  originally  described  from  Green- 
land, seven  from  the  Dakota  group  of  the  West,  and  seven  from  the 
Raritan  formation  of  New  Jersey.  Four  species  have  a  European 
distribution,  *  *  *."  The  European  species  all  occur  in  the  Ceno- 
manian,  and  one  of  these  also  ranges  up  into  the  Senonian. 

In  1907,  Earle  Sloan^^  introduced  the  name  "Burches  Ferry  maris," 
using  it  for  essentially  the  same  terrane  as  that  to  which  Ruffin  had  in 
1843  applied  the  name  Peedee. 

Three  new  "Bladen"  forms  were  described  by  Berry  in  1908.  Two 
of  these  belong  to  the  genus  Araucaria;^^  namely,  Araucaria  hladenensis 
and  Araucaria  jeffreyi.    Of  the  former  he  says : 

It  Is  preeminently  the  type  fossil  of  the  Bladen  formation  of  North  Carolina, 
single  leaves  or  even  fragments  being  quite  characteristic  and  easy  of  recog- 
nition. 

Concerning  the  correlation  of  the  beds  in  which  these  remains  were 
collected,  he  says: 

The  New  Jersey  material  comes  from  beds  of  the  Magothy  formation,  very 
probably  of  Cenomanian  age.  The  Carolina  forms  are  from  beds  which  differ 
in  age  but  slightly,  if  at  all,  from  those  of  New  Jersey,  although  they  may  be 
somewhat  older,  possibly  synchronous  with  the  Raritan  formation  of  New 
Jersey  and  the  Tuscaloosa  formatioD  of  Alabama,  the  question  of  exact  cor- 
relation being  under  active  investigation  at  the  present  time. 

The  third^^  is  a  species  of  Torreya,  namely,  Tumion  carolinianum. 

An  abstract  of  a  paper  read  before  the  Geological  Society  of  Wash- 
ington by  L.  "W.  Stephenson  appeared  in  1909.^^  The  Cretaceous  is 
divided  into  three  formations;  the  oldest,  the  "Cape  Fear"  formation,  is 
referred  to  the  Lower  Cretaceous ;  the  "Bladen"  formation  which  over- 
lies the  "Cape  Fear"  formation  unconformably,  and  the  third  or  upper 
division  formerly  designated  the  "Ripley"  formation  by  the  same 
author,  which  overlies  the  "Bladen"  formation  conformably,  are  re- 
ferred to  the  Upper  Cretaceous.  On  account  of  uncertainty  which  has 
arisen  regarding  the  exact  meaning  of  the  term  Ripley  as  employed  in 
the  Gulf  region,  the  author  suggests  that  the  name  "Burches  Ferry" 

"Handbook  of  South  Carolina,  issued  by  the  State  Department  of  Agriculture,  Commerce  and 
Immigration.  Columbia,  S.  C,  1907.  Chapter  5,  Geology  and  Mineral  Resources,  pp.  77-145 
(especially  pp.  85-88). 

"Torrey  Bot.  Club,  Bull.,  vol.  35,  No.  5,  1908,  pp.  249-260,  pis.  11-16. 

"Am.  Jour.  Sci.,  vol.  25,  1908,  pp.  382-386. 

"Science,  n.  s.,  vol.  30.  1909,  pp.  124-125. 
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formation,  applied  by  Sloan  to  the  southward  continuation  of  the  same 
terrane,  might  appropriately  be  substituted  for  that  of  Ripley.  Brief 
statements  are  made  regarding  the  probable  correlations  of  these  divi- 
sions with  Cretaceous  deposits  in  other  regions.  The  names  "Cape 
Fear,"  "Bladen,"  and  "Ripley"  correspond  respectively  to  the  names 
Patuxent,  Black  Creek,  and  Peedee,  of  the  present  report. 

In  1910,  E.  W.  Berry33  described  29  new  species  of  fossil  plants  from 
the  Black  Creek  formation  of  K'orth  Carolina. 

Prof.  W.  B.  Clark  presented  a  paper^^  in  1909  before  the  Geological 
Society  of  America  on  the  results  of  the  work  by  himself  and  associates 
in  the  Coastal  Plain  region  between  Massachusetts  and  South  Carolina, 
in  which  he  discusses  the  Cretaceous  formations  of  Xorth  Carolina  and 
points  out  their  relations  to  the  Cretaceous  deposits  of  the  Northern 
Coastal  Plain  and  of  the  Gulf.  The  question  of  their  correlation  is 
considered  in  much  detail. 

DIVISIONS   OF   THE   CRETACEOUS. 

Previous  to  the  investigations  furnishing  the  data  for  the  present 
report,  there  had  been  little  attempt  on  the  part  of  geologists  working 
in  the  region  to  differentiate  the  Cretaceous  deposits  of  North  Caro- 
lina into  formations.  It  was  recognized  by  Professors  Holmes  and 
Ward  that  the  basal  Cretaceous  beds  were  the  probable  equivalent  of 
the  Potomac,  but  neither  were  clear  in  their  definition  of  the  upper 
stratigraphic  limits  of  these  Lower  Cretaceous  representatives;  and,  in 
fact,  Holmes  included  in  this  division  certain  of  the  beds  on  Cape  Fear 
River  now  known  to  belong  unquestionably  to  the  Upper  Cretaceous. 

The  recent  investigations  in  the  North  Carolina  Coastal  Plain  have 
led  to  the  recognition  of  three  Cretaceous  divisions  designated  in  the 
ascending  order:  the  Patuxent  ("Cape  Fear")  formation  of  Lower  Cre- 
taceous age,  and  the  Black  Creek  ("Bladen")  and  Peedee  ("Burches 
Ferry")  formations  of  Upper  Cretaceous  age. 

As  will  be  seen  by  referring  to  the  geologic  map  (Plat^  XVII,  in 
pocket),  these  three  formations  have  their  widest  areal  development  in 
the  southern  part  of  the  Coastal  Plain  portion  of  the  State.  To  the 
northward  the  area  of  outcrop  narrows,  being  transgressed  more  and 
more  by  younger,  Tertiary  strata  until  at  the  Virginia  line  the  Creta- 
ceous strata  are  entirely  overlapped  and  concealed.  The  best  continuous 
series  of  Cretaceous  exposures  is  furnished  by  the  bluffs  of  Cape  Fear 
River  and  its  tributaries,  the  strata  appearing  at  inten^als  all  the  way 
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"Bull.  Geol.  Soc.  America,  vol.  20,  pp.  646-654,  pi.  Ill,  1910. 


LOWER  CBETACEOUS.  83 

from  the  fall  line  to  Wilmington,  a  distance  of  over  100  miles.  The 
Cape  Fear  region  furnishes  not  only  the  widest  area  of  Cretaceous  strata 
in  this  State,  but  also  the  widest  area  at  right  angles  to  the  fall  line  in 
the  Coastal  Plain  region  east  of  the  Mississippi  River. 

Plate  XXX,  p.  342,  is  a  section  constructed  across  the  Coastal  Plain, 
at  right  angles  to  the  general  strike  of  the  strata  from  Cameron  to 
Wrightsville,  which  shows  the  stratigraphic  relations  of  the  three  recog- 
nized Cretaceous  formations. 

LOWER  CRETACEOUS. 
PATUXENT   FOEMATION. 

Name, — The  name,  Patuxent  formation,  was  proposed  by  Prof.  Wm. 
Bullock  Clark  in  1897^^  to  designate  the  basal  formation  of  the  Potomac 
group  in  Maryland.  The  name  is  derived  from  Patuxent  River,  Mary- 
land. The  formation  as  defined  consists  of  arkosic  sands  with  subor- 
dinate amounts  of  sandy  clay,  having  an  estimated  thickness  of  150 
feet.  The  division  was  described  in  detail  in  later  publications  by 
Clark  and  Bibbins.^^ 

The  terrane  in  North  Carolina,  under  consideration,  was  first  dif- 
ferentiated by  the  writer^''  in  1907,  and  the  name  "Cape  Fear^'  forma- 
tion was  used  to  designate  it.  The  division  was  then  regarded  as  the 
probable  equivalent  of  the  Patuxent  formation  of  Maryland.  Although 
there  is  no  paleontologic  evidence  to  support  the  correlation,  the  investi- 
gations carried  on  in  the  region  since  the  publication  of  the  above  paper 
have  led  to  the  conviction,  based  upon  physical  criteria,  that  the  "Cape 
Fear"  formation  is  in  fact  the  southward  extension  of  the  Patuxent 
formation,  but  with  its  surface  connection  with  that  formation  inter- 
rupted in  the  region  of  southern  Virginia  and  northern  North  Carolina 
by  overlapping  Tertiary  strata,  as  is  the  case  at  various  points  farther 
north  in  Virginia  and  Maryland. 

Definition, — The  Patuxent  formation  outcrops  in  a  belt  beginning  at 
Roanoke  River,  where  the  river  forms  the  boundary  between  the  eastern 
halves  of  Northampton  and  Halifax  counties,  and  passing  thence  to  the 
southwest  through  the  following  counties:  Edgecombe,  northern  Pitt, 
Wilson  south  of  the  town  of  Wilson,  northern  Greene,  the  northern 
half  of  Wayne,  Johnston  south  of  Smithfield,  northern  Sampson,  south- 
em  Harnett,  almost  all  of  Cumberland,  southern  Moore,  northern  Robe- 
son, probably  all  of  Scotland,  and  southern  Richmond  to  the  South 
Carolina  line.     Beyond  this  line  it  passes  into  South  Carolina  through 
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Marlboro  County  and  from  thence,  by  way  of  Camden,  Columbia,  and 
Hamburg,  into  Georgia  in  the  vicinity  of  Augusta.  (See  geologic  map, 
Plate  XVII,  in  pocket.) 

The  formation  where  present  forms  the  basal  division  of  the  deposits  of 
the  Coastal  Plain  and  rests  directly  upon  the  eroded  surface  of  the  base- 
ment rocks.  The  latter  consist  for  the  most  part  of  early  Paleozoic  or 
Proterozoic  igneous  and  metamorphic  rocks,  but  also  to  a  limited 
extent  of  sedimentary  deposits  of  Triassic  age  (^Newark).  The  upper 
surface  of  the  basement  rocks  where  they  are  overlain  by  the  deposits  of 
the  Coastal  Plain  is  very  uneven.  This  is  true  not  only  with  respect  to 
minor  details,  but  likewise  as  regards  certain  larger  features.  This 
unevenness  is  indicated,  first,  by  the  eastward  extension  at  the  surface 
of  long  tongues  of  the  older  rocks;  second,  by  the  outcrop  of  isolated 
patches  of  these  rocks  at  considerable  distances  to  the  east  of  the  Pied- 
mont border;  and,  finally,  by  the  depths  at  which  they  have  been  en- 
countered in  wells  at  various  places. 

The  formation  is  overlain  unconformably  by  the  Black  Creek  ("Bla- 
den") formation,  or,  where  that  is  absent,  by  overlapping  strata  of  the 
Eocene,  Miocene,  Pliocene,  or  Pleistocene  periods.  The  beds  of  the 
Black  Creek  formation  form  the  immediate  superjacent  covering  along 
the  southeastern  edge  of  the  belt  of  Patuxent  occurrences.  The  ob- 
served width  of  overlaps  of  these  beds  above  water  level  varies  from  a 
few  miles  to  a  maximum  of  at  least  12  miles,  the  greatest  width  being 
in  the  valley  of  Cape  Fear  River  in  southeastern  Cumberland  County. 
The  undulating  Patuxent-Black  Creek  contact  has  been  observed  at 
various  places  on  Cape  Pear,  Neuse,  Contentnea,  and  Tar  rivers. 

The  relations  of  the  Patuxent  formation  to  Tertiary  and  younger 
beds  will  be  discussed  in  the  order  of  age,  beginning  with  the 
oldest.  But  one  area  of  Eocene  is  known  within  the  belt.  This  is  in 
Harnett  County,  about  3  miles  northeast  of  Spout  Springs,  where  a  bed 
of  siliceous  limestone,  probably  of  very  limited  extent,  is  poorly  ex- 
posed near  the  top  of  a  hill.  Its  vertical  position  is  perhaps  about  300 
feet  above  sea-level.  It  is  believed  to  rest  upon  the  Patuxent  forma- 
tion and  is  probably  overlain  by  a  surface  covering  of  the  Lafayette 
formation.  From  the  southwestern  edge  of  Wilson  County  northeast- 
ward to  Roanoke  River  the  Patuxent  formation  is  perhaps  continuously 
overlain  by  overlapping  beds  of  Miocene  age,  except  where  the  latter  have 
been  removed  by  stream  erosion  and  by  Pleistocene  terracing  processes 
along  the  valleys.  From  I^euse  River  to  Roanoke  River  the  observed 
Patuxent  exposures  are  all  low,  nowhere  exceeding  15  feet  above  water 
level  of  the  streams.     It  is  probable  that  from  Wilson  County  north- 
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eastward  the  thickness  of  the  overlapping  Miocene  everywhere  exceeds 
the  thickness  of  that  portion  of  the  Patuxeiit  beds  appearing  above 
water  level.  In  this  region  the  Miocene  beds  transgress  westward 
entirely  across  and  several  miles  beyond  the  Patuxent  belt,  resting 
directly  upon  the  surface  of  the  basement  rocks. 

The  next  younger  division  having  a  contact  relationship  with  the 
Patuxent  formation  is  the  Lafayette  formation.  This  relationship  exists, 
so  far  as  known,  only  in  the  sandhill  country  of  the  southwestern  portion 
of  the  Coastal  Plain  province.  The  term  sandhills  has  been  applied  to  a 
series  of  rolling  hills  covering  portions  of  Richmond,  Scotland,  Moore, 
Cumberland,  and  Harnett  counties,  whose  elevations  vary  from  a  little 
over  200  feet  to  perhaps  500  feet.  In  this  region  the  comparatively 
thin  and  more  or  less  discontinuous  Lafayette  covering  rests  uncon- 
formably  upon  an  eroded  Patuxent  surface  whose  broader  topographic 
features  seem  to  correspond  closely  to  the  present  surface  topography. 

To  the  east  of  the  sandhills  and  throughout  the  entire  remaining 
extent  of  the  belt  of  Patuxent  outcrop  not  covered  by  Miocene  or 
Lafayette  strata,  the  Patuxent  beds  are  concealed  by  surficial  Pleisto- 
cene terrace  coverings.  Indeed,  were  it  not  for  occasional  stream  cuir 
tings,  gullies,  or  artificial  excavations,  the  older  beds  would  be  every- 
where effectually  concealed. 

The  strata  of  the  Patuxent  formation  consist  of  sands  and  clays 
and  various  intergradations  of  arenaceous  clays  and  argillaceous  sands. 
The  sands  are  fine  to  very  coarse  in  texture,  the  individual  grains  be- 
ing, as  a  rule,  angular.  They  are  in  most  places  arkosic,  and  locally 
contain  a  large  percentage  of  pure  white  kaolin  grains.  Muscovite 
mica  is  a  common  constituent  and  in  places  is  present  in  large  amounts. 
One  specimen  from  near  the  base  of  the  section  at  Fayetteville  resembles 
a  decomposed  mica  schist,  the  mica  flakes  being  arranged  in  a  general 
way  parallel  with  the  bedding  planes  and  having  diameters  ranging 
up  to  Vs  inch.  In  this  same  specimen  biotite  mica  is  present  in  con- 
siderable amount,  the  individual  flakes  being  smaller  than  those  of 
muscovite.  The  sands  are  light  gray  to  gray  and  greenish-gray  in 
color,  but  locally  are  stained  various  shades  of  red,  yellow,  and  brown 
by  the  hydrous  oxides  of  iron. 

The  clays  are  everywhere  more  or  less  arenaceous,  and  fine  mica 
flakes  are  generally  present  in  greater  or  lesser  amount.  The  colors 
range  through  dark  drab,  drab,  greenish-drab,  gray,  and  greenish-gray, 
or  the  materials  may  be  mottled  or  more  or  less  uniformly  colored  with 
purplish  and  reddish  tints. 

In  most  of  the  river  exposures  in  North  Carolina  both  the  sands  and 
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clays  are,  as  a  rule,  very  compact,  but  nearer  the  Piedmont  border  the 
sands  are  more  commonly  of  a  loose  texture.  In  some  instances  tbe 
arkosic  sands  are  slightly  indurated,  forming  a  soft  friable  sandstone 
rock. 

Iron  sulphide,  probably  in  the  form  of  marcasite,  was  observed  in  a 
clay  bed  in  the  section  at  milepost  105  on  the  Neuse  River  and  also  in 
clay  beds  at  some  of  the  exposures  on  Roanoke  River. 

A  small  amount  of  lignite  was  observed  at  one  or  two  places  on  Con- 
tentnea  Creek,  on  Tar  River  in  the  vicinity  of  Tarboro  and  on  Roanoke 
River  in  the  section  above  the  State  Farm. 

In  the  better  sections  in  which  the  formation  is  revealed,  especially 
in  the  bluffs  of  Cape  Fear  River,  the  clay  and  sand  are  observed  to  form 
alternate  strata  from  2  to  10  feet  6t  more  in  thickness,  giving  to  the 
section  a  banded  appearance,  which  is  further  emphasized  by  the  dif- 
ference in  color,  the  clay  being  darker  than  the  sand.  In  most  places 
the  sand  layers  show  more  or  less  cross-bedding,  this  feature  being  more 
strikingly  developed,  however,  in  exposures  closely  adjacent  to  the 
Piedmont  border. 

At  but  few  places  have  the  Patuxent  strata  been  observed  in  actual 
contact  with  the  basement  rocks.  Where  seen,  however,  as  might  be 
predicted,  pebbles  and  cobbles  occur,  and  it  may  be  presumed  that  prac- 
tically everywhere  along  this  contact  a  basal  conglomerate  of  gravels  is 
present. 

The  general  strike  of  the  beds,  as  may  be  inferred  from  the  areal 
distribution  of  the  belt  of  outcrop,  is  northeast-southwest. 

The  Cape  Fear  River  bluffs  furnish  the  only  exposures  of  sufficient 
extent  to  permit  of  the  determination  of  the  approximate  dip  of  the 
beds.  Xo  exact  measurements  were  made,  but  from  the  fact  that  cer- 
tain of  the  clay  and  sand  layers  can  be  traced  for  several  miles,  espe- 
cially in  the  southern  part  of  Cumberland  County,  approximately  at 
right  angles  to  the  strike,  with  scarcely  any  appreciable  change  in  the 
level,  it  is  apparent  that  the  dip  in  this  region,  at  least,  is  very  slight, 
being  but  little  more  than  the  grade  of  the  stream  itself.  The  disap- 
pearance of  the  formation  beneath  the  overlying  terrane  appears  to  be 
due  in  part  to  an  increase  in  the  general  slope  of  its  upper  unconform- 
able surface,  as  well  as  to  the  dip  of  the  beds  themselves. 

The  thickness  of  the  Patuxent  formation  from  its  upper  surface  to 
the  underlying  bedrock  has  been  determined  from  Avell  data  at  a  num- 
ber of  places  along  the  belt  of  outcrop.  A  well  drilled  by  the  Fayette- 
ville  Ice  and  Manufacturing  Company,  located  at  their  plant  on  the 
Wicomico  terrace  on  which  the  business  part  of  Fayetteville  stands. 


LOWER  CRETACEOUS.  •  87 

with  the  exception  of  a  few  feet  of  Pleistocene  materials  at  the  top, 
penetrated  this  formation  to  a  depth  of  220  feet,  at  which  depth  ancient 
basement  slate  was  encountered.  An  escarpment  separating  the  Wicom- 
ico terrace  from  the  Coharie  terrace,  whose  elevation  is  about  100  feet 
greater  than  the  Wicomico,  runs  north  and  south  along  the  west  border 
of  the  town.  Poor  exposures  of  Patuxent  strata  occur  in  this  escarp- 
ment to  a  height  of  about  35  feet  above  the  Wicomico  terrace  and  are 
overlain  by  supposed  Black  Creek  strata.  The  thickness  in  the  vicinity 
of  Fayetteville,  therefore,  amounts  to  about  255  feet.  At  Goldsboro, 
according  to  a  section  published  by  Darton,^®  about  175  feet  of  materials 
which  should  be  referred  to  the  Patuxent  formation  were  passed  through 
from  50  feet  below  the  surface  to  the  surface  of  the  basement  rocks 
underlying  the  Coastal  Plain  at  226  feet.  At  Tarboro  in  a  well  drilled 
under  the  auspices  of  the  city  government,  basement  rock  was  struck  at 
a  depth  of  328  feet.  The  lower  228  feet  of  Coastal  Plain  materials  is 
interpreted  as  referable  to  the  Patuxent  formation.  In  a  deep  well  at 
Scotland  Xeck,  Halifax  County,  basement  rock  was  encoimtered  at  349 
feet  below  the  surface,  and  it  is  believed  that  about  275  feet  of  Patux- 
ent beds  were  penetrated.  It^  thus  appears  that  along  the  southeastern 
border  of  the  belt  of  outcrop  throughout  its  northeast-southwest  extent 
the  thickness  is  comparable  to  that  at  Fayetteville.  In  the  coastward 
direction  down  the  dip  the  formation  may  thicken  somewhat  for  a 
short  distance,  but  as  the  coast  is  approached  it  is  believed  to  become 
thinner  and  finally  to  pinch  entirely  out  between  the  underlying  base- 
ment rocks  and  the  overlying  Upper  Cretaceous  beds. 

The  only  data  throwing  light  upon  the  presence  or  absence  of  the 
formation  far  out  under  the  younger  deposits  of  the  Coastal  Plain  are 
furnished  by  two  deep  borings.  One  of  these,  located  at  Wilmington, 
reached  a  basal  granite  at  a  depth  of  1,109  feet.  Only  Upper  Creta- 
ceous beds  were  penetrated,  indicating  that  land,  either  an  island  or 
peninsula,  existed  in  the  Wilmington  region  during  early  Cretaceous 
time,  and  that  either  no  Lower  Cretaceous  beds  were  deposited  or,  if 
such  deposition  took  place,  that  the  resulting  beds  were  removed  by 
erosion  before  the  beginning  of  Upper  Cretaceous  deposition.  The 
other  well,  located  at  Fort  Caswell,  at  the  mouth  of  Cape  Fear  River 
estuary,  reached  basement  rock  at  a  depth  of  1,540  feet.     There  is  some 

■ 

doubt  as  to  the  age  of  some  of  the  lower  beds  penetrated,  but  there 
seem  to  be  no  certain  grounds  for  regarding  any  portion  of  the  section 
as  representing  Lower  Cretaceous  deposits. 


»U.  S.  Geol.  Survey,  Bull.  No.  138,  pp.  202-203. 
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"No  fossil  remains  have  been  found  in  the  deposits  of  the  Patuxent 
formation  in  North  Carolina  except  small  amounts  of  lignite  in  some 
of  the  exposures  on  Contentnea  Creek,  and  on  Tar  and  Roanoke  rivers. 

Detailed  Sections, — The  strata  of  this  formation  are  best  exposed  in 
the  bluffs  of  the  streams  which  cross  the  belt,  at  all  places  where  present, 
forming  the  base  of  the  deposits  of  the  Coastal  Plain  and  rising  to 
various  heights  above  the  level  of  the  water  to  a  maximum  of  50  or  60 
feet.     A  few  good  interstream  localities  have  been  observed. 

The  most  complete  series  of  exposures  are  those  appearing  along 
Cape  Fear  River  from  a  point  about  1^/^  miles  above  the  mouth  of 
Little  River  in  Harnett  County,  to  Devanes  Ferry,  17  miles  below  Fay- 
etteville  in  Cumberland  County.  The  sections  in  nearly  all  cases 
show  at  least  15  or  20  feet  of  Patuxent  strata,  and  at  a  number  of 
the  bluffs  the  beds  are  revealed  to  heights  of  50  feet  or  more  above 
low-water  level.  For  the  greater  part  of  this  distance  the  overlying 
beds  consist  of  Pleistocene  terrace  materials.  Towards  the  southern 
limit  of  the  line  of  exposures,  however,  between  mileposts  100  and  101, 
the  feather  edge  of  the  Black  Creek  ("Bladen")  formation  begins  to 
appear,  resting  in  basin-like  depressions  on  the  eroded  surface  of  the 
Patuxent  beds  and  overlain  by  the  usual  terrace  deposits.  In  the  next 
3  miles  the  unconformable  relations  of  the  Patuxent  and  Black  Creek 
beds  are  clearly  exhibited  in  several  sections.  The  former  appears  for 
the  last  time  at  Devanes  Ferry,  near  milepost  98,  where  it  finally  passes 
from  view  beneath  the  latter.  (For  sketch  map  of  Cape  Fear  River, 
see  Plate  I.) 

The  more  important  sections  presented  by  the  bluffs  of  this  stream 
will  be  described  in  detail  on  the  following  pages.  The  fall  line,  that 
is,  the  foot  of  the  last  rapids  formed  by  the  basement  rocks,  is  at  a 
point  about  2%  miles  above  the  mouth  of  Little  River  in  Harnett 
County.  The  first  section  observed  in  descending  the  river  is  at  a  point 
about  I'mile  below  the  fall  line  and  about  II/2  niiles  above  the  mouth  of 
Little  River.     It  is  as  'follows : 

SECTION  ON  LEFT  BANK  OF  CAPE  FEAR  RIVER  U  MILES  ABOVE  THE  MOUTH 

OF  LITTLE  RIVER. 
Pleistocene:  Feet. 

Surface  loam    8 

Light  yellow,  argillaceous  sand 8-10 

Gravel  lens  about  3  feet  thick  at  middle  of  exposed  portion  of 

bluff,  and  thinning  out  towards  each  end  in  a  distance  of  about 

200  feet    0-3 

(Unconformity.) 
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SKETCH  MAP  OF  PART  OP  CAPE  FEAR  RIVER. 
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Cretaceous  (Patuxent  formation)  :  Feet. 

Drab,  iron-stained,  sandy  clay,  grading  down  into  coarse,  gray, 

gravelly,   arkosic  sand,  containing  some  mica 8 

Hard,  drab,  iron-stained  (yellow  and  red)  sandy  clay,  becoming 

more  sandy  towards  base  and  grading  into  next  layer  below ...  3-5 
Greenish  gray,  arkosic,  micaceous  sand  (very  micaceous  in  places. 

especially  towards  base) 10 

Dark  greenish  drab  clay 4 

Very  hard,  coarse,  iron-stained,  argillaceous  sand 10 

Yellowish  drab  clay,  becoming  sandy  nt  top,   mottled  in  places 

with  dark-red  iron  stain 6 

Concealed  to  water's  edge  by  landslide 28-30 

From  this  point  to  and  beyond  Fayetteville  tlie  present  flood  plain  of 
the  river  is  very  narrow  and  in  places  almost  absent.  The  steep  banks 
formed  by  the  partially  indurated  materials  of  the  Patuxent  forma- 
tion, for  the  most  part  covered  with  vegetation,  rise  on  either  side  to 
heights  of  40  to  60  feet.  The  narrow  flood  plain,  in  most  places  not 
more  than  a  few  feet  to  a  few  rods  in  width,  is  present,  as  a  rule,  on 
one  side  of  the  channel  only.  At  a  few  places  the  floods  which  have 
swept  through  the  gorge  have  torn  away  the  vegetation  covering  the 
steep  slopes,  revealing  the  outcropping  Patuxent  beds. 

The  next  good  exposure  is  at  the  mouth  of  Little  River.  The  upper 
part  of  the  bluff  is  terrace  material  continuous  with  that  forming  the 
terrace  on  which  Fayetteville  is  built.  The  details  of  the  section  are 
as  follows ; 

SECTION  AT  MOUTH  OF  LITTLE  RIVER,  RIGHT  BANK. 
PJelstovene:  Feet. 

Reddish  loam,  grading  down  into  hard,  reddish  sandy  clay 6 

Concealed  by  talus 10 

Gravpl  band  not  well  exposed,  with  large  pebbles  and  cobbles  and 

some  large  erratic  bowlders  2  or  more  feet  In  diameter 2-3 

(Vnconiormity.) 

Cretaceous  (Patuxent  formation)  : 

Yellow  and  drab,  stratified,  arkosic  sand 2 

Light  drab,  sandy  clay,  more  sandy  in  the  middle  portion,  mottled 

with  dark-red  and  purple  iron  stain 5 

Arkosic  and  micaceous  sand,  light  gray  to  greenish  gray,  and 
more  or  less  mottled  with  red  and  yellow,  becoming  very  mica- 
ceous towards  base 18 

Greenish  drab,  sandy  clay,  mottled  with  dark  red 4 

Hard,  greenish  drab,  arkosic  and  micaceous  sand,  becoming 
coarser  at  base,  to  water's  edge 3 

IS'ear  Wade,  Oumberland  County,  a  section  is  exposed  on  the  left  bank, 
as  follows : 
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SECTION  NEAR  WADE.  NORTH  CAROLINA. 

Pleistocene:  •  feet. 

Yellowish  and  gray  sands  with  a  thin  gravel  bed  at  base,  contain- 
ing in  addition  to  rounded  and  angular  quartz  pebbles,  erratic 
bowlders  of  igneous  and  nietamorphic  rocks  of  all  sizes  up  to 

several  feet  in  diameter 6 

(Inconformity.J 

Cretaceous  (Patuxent  formation)  : 

Coarse,  light-gray  sand,  slightly  darlter  at  the  top,  mottled  with 
yellow,  slightly  stratified,  and  containing  layers  more  or  less 
argillaceous    6 

Greenish-gray,  crumbly  or  grainy  clay,  darker  in  top  layer,  and 
mottled  throughout  with  dark-red  streaks 8.5 

Fine  micaceous,  greenish-gray  clay 2-5 

Dark  gray,  micaceous,  arkosic  sand,  mottled  with  rusty  streaks 
and   slightly    indurated 3.5 

Greenish-gray,  micaceous  sand,  mottled  with  red  and  yellow  and 
softer  and  lighter  in  color  than  preceding 5.5 

Greenish-gray,  micaceous,  arkosic  sand,  coarse  to  fine,  indurated 
to  a  soft  sandstone,  making  a  steep  cliff.  It  is  somewhat  mot- 
tled with  reds  and  yellows 16 

Xellowlsh-green,  micaceous  sand,  fine  in  upper  part,  becoming 
coarse  and  strongly  mottled  with  reds  and  yellows  in  lower  half.      5 

Greenish-gray,  very  micaceous,  slightly  arkosic  sand  to  water's 
edge   3 

In  its  lithologic  character  this  section  is  essentially  the  same  as  the 
two  preceding. 

At  Fayetteville  a  fairly  good  exposure  occurs  betTveen  the  wagon 
bridge  and  the  C.  F.  and  Y.  V.  Eailway  bridge.  As  this  is  essentially 
the  same  as  a  better  section  occurring  %  mile  below  at  the  Wilmington 
and  Fayetteville  steamboat  wharf,  the  latter  will  be  given  in  detail. 

SECTION  AT  WILMINGTON  AND  FAYETTEVILLE  STEAMBOAT  WHARF. 

FAYETTEVILLE,  N.  C. 

Pleistocene:  Feet. 
Sand  and  loam  with  gravel  band  at  base  containing  erratic  bowl- 
ders of  quartz  and  crystalline  rocks 10 

(Vncoufonniiy.J 

Cretaceous  (Patuxent  formation)  : 

Coarse  gray,  compact,  argillaceous  and  arkosic  sand  with  some 

mica  and  many  small  pebbles  as  large  as  peas.     A  yellowish 

band  of  iron  crust,  1  to  2  inches  thick,  occurs  along  the  base. ...         6 
Hard,   bluish-gray,   coarsely   arenaceous,   micaceous,   arkosic  clay 

grading  down  into  next  layer  below 2 

Fine,  yellowish,  micaceous,  somewhat  arkosic  iron-stained  sand, 

with  an  iron  crust  layer  i^  inch  thick  at  base 5 

Dark  band  of  arenaceous  clay,  mottled  with  purple  iron  stain 2 
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Cretaceous  (Patuxent  formation)  :  Feet. 

Hard,  light-gray,  coarse-grained,  arlcosic  micaceous  sand . . . .  t . . .         G 
Band  of  hard,  dark  gray,  arenaceous,  somewhat  micaceous,  arlio- 

sic  clay,  mottled  with  purple  Iron  stain ; 3-5 

Hard,  gray,  coarse,  very  arkosic  micaceous  sand,  in  places  becom- 
ing coarser  and  containing  many  small  quartz  pebbles  as  large 

as  peas  6-8 

Drab  to  yellowish  and  red  mottled  clay,  making  a  dark  band  along 

the  cliflP,  becoming  micaceous  and  sandy  towards  base 4-5 

Hard,  coarse,  arkosic  sand,  somewhat  micaceous 3 

Dark,  bluish-gray,  argillaceous,  very  micaceous  sand  not  well  ex- 
posed, to  water's  edge 3 

The  distance  by  the  river  from  Wilmington  to  Fayetteville  is  115 
miles.  The  mile  intervals  are  indicated  by  numbers  painted  on  boards 
and  nailed  to  trees  growing  near  the  banks.  The  numbering  begins  at 
the  former  place  and  proceeds  upstream  to  the  latter. 

For  the  first  4  or  5  miles  below  Fayetteville  the  river  has  a  nearly 
straight  course  and  the  exposures  are  few  and  unimportant.  At  about 
milepost  110  the  river  makes  a  broad  bend  from  its  south-southeast 
course  around  to  the  east,  south  and  southwest,  coming  back  in  line 
with  its  former  course  at  about  milepost  100.  For  a  number  of  miles 
along  the  right  bank  of  the  northern  limb  of  this  bend  and  along  the 
left  bank  after  it  turns  to  the  south  and  southwest,  the  Patuxent  beds 
are  remarkably  well  exposed  in  bluffs  ranging  from  25  to  50  feet  in 
height.  The  materials  consist  of  layers  of  compact,  partially  indu- 
rated clays  and  arkosic  and  micaceous  sands,  from  a  few  feet  to  10  or 
12  feet  in  thickness,  making  broad  light  and  darker  bands  along  the 
faces  of  the  bluffs,  the  sections  being  similar  in  all  essential  respects 
to  those  farther  up  the  river  previously  described.  The  beds  are 
almost  horizontal,  it  being  possible  to  trace  the  bands  along  the  bluffs 
for  a  number  of  miles  without  detecting  any  appreciable  dip. 

One  of  the  striking  features  to  be  observed  along  the  face  of  these 
bluffs  is  the  effect  produced  by  the  water  of  the  brooks  and  springs 
which  enter  the  river  through  little  overhanging  valleys,  on  the  sands 
and  clays  of  the  Patuxent  formation  over  which  it  descends.  It 
seems  that  these  materials,  kept  constantly  moistened,  are  rendered 
more  resistant  to  the  eroding  effects  of  the  high  waters  of  the  main 
stream  than  the  adjacent  materials  of  the  same  layers  which  are  sub- 
jected to  repeated  wetting  and  drying  so  that  the  latter  are  cut  away 
more  rapidly,  leaving  the  former  standing  out  as  rounded  projections 
4  or  5  feet  in  thickness  at  right  angles  to  the  face  of  the  bluff,  and 
from  10  to  25  feet  or  more  in  height..    See  Plate  II,  B. 

The  upper  10  to  15  feet  in  all  these  bluffs  is  made  up  of  Pleistocene 
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sands  and  clays,  in  most  places  a  gravel  band  containing  erratic  bowl- 
ders of  quartz  or  crystalline  rock  being  present  at  the  base,  tbe  mate- 
rials representing  a  continuation  downstream  of  the  terrace  materials 
exposed  at  and  above  Fayetteville. 

Between  mileposts  100  and  101  beds  of  the  Black  Creek  ("Bladen") 
formation  begin  to  appear  in  the  bluffs,  occupying  shallow  basins  in  the 
eroded  surface  of  the  Patuxent  beds  and  covered  over  by  horizontal 
Pleistocene  deposits.  The  relations  of  the  different  materials  are 
roughly  shown  in  Fig.  1. 


NE. 
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FiG.  1. — Sketch  showing  the  relations  of  the  Patuxent  and  Black  Creek  forma- 
tions to  each  other  and  to  overlying  Pleistocene  deposits  ;  Cape  Fear  River,  between 
mileposts  100  and  101. 

The  Patuxent  materials  represented  in  the  section  are  of  the  usual 
character.  In  striking  contrast  to  them  are  the  materials  occupying 
the  basins,  which  consist  of  dark  laminated  sands  and  clays,  in  places 
containing  considerable  lignite,  whose  general  aspect  is  the  same  as 
that  of  the  materials  of  similar  character  which  make  up  the  bluffs 
farther  down  the  river.  They  constitute  the  feather  edge  of  the  Black 
Creek  ("Bladen")  formation  which  overlies  unconformably  the  Pa- 
tuxent formation.  This  interpretation  is  confirmed  by  an  observation 
made  near  Church  Landing,  right  bank,  about  milepost  100.  See 
Fig.  2. 
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Fig.  2. — Sketch  showing  the  relation  of  the  Patuxent  formation  to  the  Black 
Creek  formation  near  Church  Landing,  Cape  Fear  River. 
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Here  there  is  a  marked  unconformity  between  the  Patuxent  for- 
mation, consisting  of  the  usual  compact,  partially  indurated,  drab, 
sandy  clays  and  light-gray,  arkosic  and  micaceous  sands,  and  the  over- 
lying laminated  sands  and  clays  of  the  Black  Creek  formation. 

That  the  unconformable  relations  existing  between  the  Patuxent 
and  Black  Creek  formations  are  very  marked  is  further  proven  by 
observations  made  at  Hairs  Wood  Landing,  %  mile  below  milepost  99. 
In  a  section  extending  for  several  hundred  yards  along  the  left  bank 
the  only  materials  seen  are  those  belonging  to  the  Patuxent  forma- 
tion and  to  the  Pleistocene,  the  former  consisting  of  the  usual  com- 
pact sands  and  clays  rising  some  20  or  25  feet  above  low- water  level, 
and  the  latter  consisting  of  characteristic  sands  and  clays  with  a  thin 
gravel  band  at  base.  The  laminated  materials  of  the  Black  Creek 
formation  are  entirely  absent.  At  Devanes  Ferry,  however,  just  above 
milepost  98,  left  bank,  the  Black  Creek  beds  are  again  seen  resting  un- 
conformably  upon  the  Patuxent  beds.  This  is  the  last  section  in  which 
the  beds  of  this  formation  appear. 

In  Johnston  County  exposures  of  typical  Patuxent  strata  occur  in 
cuts  of  the  Atlantic  Coast  Line  Railroad  in  the  vicinity  of  the  village 
of  Four  Oaks.  In  one  of  these  4%  miles  southwest  of  the  depot  sands 
and  clays,  with  a  line  of  quartz  and  schist  fragments  along  the  base, 
belonging  to  the  Patuxent  formation,  were  observed  in  contact  with 
deeply  decayed  crystalline  schists.  This  is  one  of  the  few  places  where 
the  contact  of  the  formation  with  the  underlying  basement  rocks  has 
been  observed. 

In  a  cut  6  miles  southwest  of  Four  Oaks  the  unconformable  relation 
of  the- Patuxent,  of  the  Lower  Cretaceous,  to  the  overlying  Pleistocene 
is  well  exhibited.  A  similar  exposure  occurs  in  a  cut  2%  miles  north- 
east of  Four  Oaks,  as  represented  in  the  section  (Fig.  3)  on  page  94. 

Occasional  exposures  occur  in  Johnston  County  in  the  hills  for  sev- 
eral miles  to  the  south  and  southeast  of  Four  Oaks,  and  one  good  out- 
crop occurs  about  2%  miles  northwest  of  Four  Oaks  in  the  road  leading 
from  Black  Creek  up  to  Clements  Church. 

On  Ifeuse  River  various  exposures  of  the  Patuxent  formation  occur 
from  1  mile  above  Cox's  Bridge  in  Johnston  County  to  the  Atlan- 
tic Coast  Line  Railroad  bridge  southwest  of  Goldsboro  in  Wayne 
County.  These  occurrences  are  all  low,  the  beds  not  rising  more  than 
8  or  10  feet  above  extreme  low  water.  Throughout  this  distance  the 
Patuxent  strata  are  overlain  unconformably  by  overlapping  beds  of 
the  Black  Creek  formation,  except  where  the  latter  have  been  removed 
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by  Pleistocene  terracing  processes.  The  Patuxent-Black  Creek  con- 
tact undulates  a  few  feet  above  and  below  water  level.  (For  sketch 
map  of  Neuse  Eiver,  see  Fig.  4,  p.  96.) 

From  Smithfield  to  Blackman's  Bluff  the  river  is  bordered  by  low 
Pleistocene  terraces,  and  as  the  observations  were  made  at  a  time 
when  the  water  was  8  or  10  feet  higher  than  its  normal  stage,  none 
but  Pleistocene  materials  were  seen  for  this  distance.  Had  the  water 
been  low  it  is  probable  that  Cretaceous  beds  would  have  been  revealed 
at  the  base  of  some  of  the  sections. 

At  Blackman's  Bluff  1171/^  miles  above  "New  Bern  only  Black  Creek 
beds  were  exposed,  but  it  is  possible  a  low-water  stage  would  have  re- 
vealed Patuxent  beds  at  the  base. 

All  the  remaining  Xeuse  River  sections  described  below  were  pre- 
pared from  observations  made  at  medium  to  low  water  stages. 

At  115%  miles  above  New  Bern  and  1  mile  above  Cox's  Bridge,  the 
following  section  occurs: 

SECTIOX  1  MILE  ABOVE  COX'S  BRIDGE,  RIGHT  BANK. 

Pleistocene:  Feet. 

Yellowish  clay,  becoming  sandy  towards  base,  containing  occasional 
pebbles  and  small  bowlders  of  quartz  and  crystalline  rock,  espe- 
cially near  the  base,  and  also  a  few  rather  large  pieces  of  silicl- 

fied  wood   10 

Gravel  band i^ 

(UnconformityJ 

Cretaceous  (Patuxent  formation)  : 

Dark  gray,  very  compact,  micaceous,  arkosic  sand 2 

Coors  Mill  Branch  enters  from  the  left  bank  a  short  distance  above 
milepost  111  and  just  above  Quaker  Bridge.  Coors  mill  is  located 
about  y2  mile  up  this  branch,  just  where  it  leaves  the  higher  land  to 
cross  the  river  flood  plain.  The  foundation  of  the  mill  is  built  upon 
a  crystalline  phyllite  rock  which  was  observed  rising  to  a  height  of  10 
feet  above  the  bed  of  the  stream,  and,  as  indicated  by  the  occurrence 
of  large  angular  quartz  fragments,  a  short  distance  away  on  a  higher 
terrace  level  at  a  height  of  30  or  40  feet  above  the  stream  bed,  the 
basement  rocks  probably  penetrate  upward  entirely  through  the  de- 
posits of  the  Coastal  Plain  at  this  place.  This  is  interesting  as  show- 
ing the  great  unevenness  of  the  buried  Piedmont  surface  in  this 
region. 

At  Tollers  Bridge,  milepost  106,  there  was  exposed  at  low  water 
about  3  feet  of  light-drab,  finely  arenaceous  and  micaceous  clay,  of  the 
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LOWER  CRETACEOUS. 
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Patuxent  formatioiij  overlain  by  10  feet  of  Pleistocene  sand,  with  a 
band  of  gravel  containing  crystalline  bowlders  at  base. 

At  milepost  105,  the  river  cuts  into  the  upland  and  an  interesting 
section  is  revealed  which  shows  the  contact  of  the  Patuxent  alnd  Black 
Creek  formations.  The  relations  of  the  formations  exposed  are  shown 
graphically  in  Fig.  5. 
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Pig.  5. — Sketch  showing  the  relation  of  the  Tatuxent  formation  to  the  Black 
Creek  formation,  and  the  relation  of  the  latter  to  post-Cretaceous  deposits,  Neuse 
River,  milepost  105. 

SECTION  AT  MILEPOST  105,  RIGHT  BANK. 

Pleistocene:  Fekt. 

1.  Coarge  sand  with  gravel  at  base 10-15 

( 11  neon  form  ity.J 
Tertiary: 

2.  Light-gray,  micaceous  sand,  interstratified  with  thin  layers  of 

light-drab  plftstlc  clay  and  layers  of  clay  i)ellets  of  the  same 

nature,  the  sand  in  places  indurated  to  an  iron  stone 6 

(UiH'onformiiy.) 
Cretaceous: 

Black  Creek  formation: 

3.  Dark  drab,  thinly  laminated  sandy  clay  with  partings  of  flue 

micaceous  sand,  containing  some  small  pieces  of  lignite.  These 
materials  are  replaced  in  part  a  short  distance  away  at  the 
same  .level  by  a  large  lens  of  yellowish.  Ftrntlflcd  Frrd  7  or  S 

feet  In  maximum  thickness 10 

(Uncofifortnity.) 
7 
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Patuxeiit  formation:  Feet. 

4.  Greenish   gray,   compact,   arkosic,    sandy   clay,    with    irregular 

lenses  of  light-drab  clay.  The  dark  clay  is  filled  with  small 
dark  particles  which  under  the  microscope  appear  to  be  par- 
tially decomiK)sed  marcassite 5 

5.  Coarse,  gray,  compact  arkosic,  somewhat  argillaceous  sand....  8 

Between  the  preceding  locality  and  the  county  bridge  none  but 
Black  Creek  or  supposed  Black  Creek  beds  are  exposed  in  the  river 
banks,  the  Patuxent-Black  Creek  contact  being  below  water  level. 

At  the  county  bridge,  however,  2  miles  southwest  of  Gtoldsboro  and 
94*%  miles  above  Xew  Bern,  right  bank,  the  Patuxent  beds  again  appear 
unconformably  overlain  by  beds  of  the  Black  Creek  formation,  as 
show^n  in  the  following  graphic  section,  Fig.  6.  (See,  also,  Plate  III,  B.) 


NW. 


•^— — — About  100  feet ■     > 

Fig.  6. — Sketch  sho^^lDK  the  relation  of  the  Patuxent  formation  to  the  Black 
(.'reek  formation,  and  of  the  latter  to  overlying  Pleistocene  deposits ;  Neuse  River, 
at  the  county  bridge.  2  miles  southwest  of  (ioldsboro,  N.  C. 

EXPLANATIOX  OF  SECTION. 

1.  Pleistocene. — Yellow  clay  loam,  grading  down  into  coarse  gravelly  sand  with  gravel  band 
at  base,  containing  bowlders  of  crystalline  rocks. 

2.  Black  Creek  formation. — Dark  to  black,  laminated  clay  with  partings  and  thin  layers  of 
fine  micaceous,  slightly  glauconitic  sand,  the  whole  more  or  less  lignitic  and  containing  numer- 
ous concretions  of  iron  sulphide.  The  lignite  occurs  in  the  form  of  large  and  small  pieces  and 
in  seams  of  comminuted  particles.  Fragments  of  wood  remains  which  resemble  charred  wood 
are  present  in  considerable  numbers. 

3.  Paiuxent  formation. — V^ery  compact,  drab  clay  and  coarse  arkosic  micaceous  sand. 

Tlie  last  appearance  of  the  Patuxent  formation  above  water  level 
is  at  the  A.  C.  L.  R.  R.  bridge  ^  niile  below  the  preceding,  where  the 
following  section  is  exposed: 


WortA  Carottmi  Omlovieal  and  Economic  Burvei;.  Vol.  III.     PLATE!  III. 


e-hair  mile  be[< 


B.— Bxposure  on  NeuHe  Blvtr  at  c.iunty  bridge,  two  milCB  southwest  of  Goldi 
Imro,  N,  C.  Shows  unconfonnable  cuntoct  between  the  Patuxent  a.nd  Bla.c 
Creek  fortnationa. 
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SECTION  AT  A.  C.  L.  R.  R.  BRIDGE  A  SHORT  DISTANCE  ABOVE 

MILEPOST  94,  RIGHT  BANK. 

Pleistocene:  Fbbt. 

Yellow  clay  loam -. 3 

Yellow  sand,  becoming  coarser  towards  base 7 

Gravel  band  with  pebbles  and  cobbles  of  all  sizes  up  to  4  or  5 

inches  In  diameter,  and  many  pieces  of  siliciiled  wood 1 

(Unconformity  J 
Cretaceous: 

Black  Creek  formation: 

Laminated,  cross-bedded,  dark  clay  and  gray  micaceous  sand,  con- 
taining lignite  and  Iron  sulphide  concretions 5 

(  UnconformityJ 
Patuxent  formation : 

Compact  drab  clay 3 

On  Contentnea  Creek  there  are  occurrences  of  Patuxent  strata  from 

1  mile  above  Woodard  Bridge  8  miles  south-southeast  of  Wilson,  to 
within  1  mile  of  Contentnea  in  Greene  County.  These  exposures 
are  mostly  low,  at  but  few  places  rising  more  than  6  or  6  feet  above 
the  water,  the  maximum  height  being  about  15  feet.  Between  the  first 
exposure  at  the  locality  indicated  and  a  point  2  miles  below  Speights 
Bridge  the  beds  overlying  the  Patuxent  formation  are  of  Miocene 
age,  except  where  the  latter  have  been  removed  by  Pleistocene  terrac- 
ing processes.  The  low  terrace  sections  reveal  either  Pleistocene  deposits 
overlying  Patuxent  beds  or  Pleistocene  beds  only.     From  the  locality 

2  miles  below  Speights  Bridge  to  the  last  exposure  of  the  Patuxent 
formation  near  Contentnea  the  sections  are  all  cut  in  the  lowest  Pleis- 
tocene terrace,  and  reveal  at  their  base  either  Patuxent  beds  alone, 
or  Patuxent  beds  overlain  unconformably  by  Black  Creek  beds,  or 
Black  Creek  beds  only.  The  undulating  contact  rises  and  falls  above 
and  below  the  water  level  in  such  a  manner  as  to  reveal  one  or  the 
other  or  both  of  the  formations,  the  Patuxent,  however,  finally  pass- 
ing" beneath  the  overlapping  Black  Creek  beds  about  1  mile  above  Con- 
tentnea.    (For  sketch  map  of  Contentnea  Creek,  see  Fig.  4,  p.. 96.) 

A  detailed  account  of  the  Contentnea  Creek  exposures  is  given  below. 

The  first  appearance  of  the  Patuxent  formation  is  at  a  point  about 
1  mile  above  Woodard  Bridge,  Wilson  quadrangle,  the  section  being 
as  follows: 

SECTION  1  MILE  ABOVE  WOODARD  BRIDGE.  RIGHT  BANK. 

Feet. 

Concealed,  but  in  part  Pleistocene  and  in  part  Miocene 20-25 

Miocene: 

Dark  drab  clay,  with  soft  casts.    Pebble  band  at  base 2 

(Unconformity.) 


I'/i  73r*  "^^xxz^z,  n^LZs  •;?  y: 


.^        — -- .: ^ 


f/x.h  \,AfrH,  Tu:  ?>^»  ar*^  fa  Ji.^>fr  i.Iai*!s  OTerlain  c-r  4  :■>  !•>  fee;  of 
U/Aff.  ar.4  «fcr.4  wi-a  a  Lan/i  cf  ^rarei  a:  hatx,  a<  a  nL&  c»:n:aiiiin^ 
\jf,f*\(\*'.T^  o{  '?rv»*anir^  roeks  and  sn^Z  tie^xs  of  SLLi^id-r^  Tr.»L  whi.^h 

Or.^haIf  r/..'ii^  ar/>ve  .Sp<^i^*5  Bridge.  WELson  qiia^iranele.  ihe  f:l- 
•jfXTio:.'  J  wrrx  abo'.t.  -?.-.:  ,ht-  b?::-  ?:  :  -  ft  ba.vk. 

Fiarr. 
r'/Ti^*raIM  by  Tes^etatioD 12 

FleMocene: 

Mfmtly  c»>iK>saU-*l.  bnt  c<, !-'»:-»;:.:;  ^-r^Iv  vf  «ai>i  w;:h  a  U^taI  of 

l^raTel  at  base 12-15 

Miocene: 

Hand  aiwl  clay 9 

/'  Unoonfr/rm  ity,  / 

Cff^taccouM  ^Patnxent  formation) : 

V>ry  oompact  drab,  sandy,  micaceoos  clay 4 

VfTy  compact  gray,  micaceous,  argillaceous,  arkosic  sand 6 

A  bluff  at  Speights  Bridge  exposes  only  Miocene  strata,  the  Patuxent 
surface  being  below  water-level. 

In  the  next  l^/z  miles  Patuxent  beds  were  seen  at  several  places  rising 
4  or  5  feet. 

About  2  miles  below  Speights  Bridge,  right  bank,  "Wilson  quad- 
rangle, in  a  distance  of  several  hundred  yards  the  surface  of  the  Patux- 
ent bf'ds  risf?s  and  falls  4  or  5  feet  above  and  below  water-level,  being 
overlain  un  con  form  ably  by  dark  drab  to  black  laminated  clays  with 
partings  of  fine  micaceous  sand,  containing  much  lignite  in  small 
f)i(j(;e«  and  comminuted  vegetable  remains.  The  laminated  beds  belong 
lo  the  Black  Creek  ("Bladen")  formation.  For  the  next  few  miles,  to 
within  1  mile  of  Fools  Bridge  (Contentnea  P.  O.),  Falkland  quad- 
rangle, the  Patuxont  beds,  consisting  of  the  usual  compact  light  drab 
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clays  and  light  gray,  arkosic  sands,  are  exposed  at  many  places  along 
the  cove  sides  of  the  river  bends  and  are  in  most  places  overlain  by  6 
to  10  feet  of  Pleistocene  terrace  deposits.  Beyond  the  point  indicated 
there  are  no  more  surface  exposures  of  the  Patuxent  formation. 

Tar  River  exhibits  the  beds  of  the  formation  from  a  point  about  4 
miles  below  Dunbar  Bridge  in  Edgecombe  County  to  Parker  Landing 
in  Pitt  County.  Above  Tarboro  the  occurrences  are  all  low,  as  a  rule 
less  than  6  feet  being  revealed;  while  below  this  town  the  surface  of 
the  formation  gradually  rises  to  a  maximum  height  of  16  or  18  feet 
near  Penny  Hill  in  Pitt  County.  (See  sketch  map  of  Tar  River, 
Fig.  7.) 


"Rocky  WT. 


Scale 


lOMiraa 


^shington 


Fig.  7. — Sketch  map  of  part  of  Tar  River,  N.  C. 

From  its  first  appearance  in  Edgecombe  County  to  a  point  about  % 
mile  above  Parker  Landing  the  formation  is  overlain  either  by  beds 
of  Miocene  age  or  by  Pleistocene  terrace  deposits.  At  the  last  point 
indicated,  however,  and  also  a  short  distance  below  Parker  Landing, 
the  Black  Creek  formation  appears  resting  tmconformably  upon  the 
Patuxent  formation.  Beyond  this  the  latter  does  not  again  appear, 
having  passed  finally  from  view  beneath  the  water  level. 

The  Tar  River  occurrences  are  described  in  detail  on  the  following 
pages. 

SECTION  ABOUT  4  MILES  BELOW  DUNBAR  BRIDGE.  LEFT  BANK. 

PleUtocene:  Fbbt. 

Yellowish  loam  and  sand,  becoming  coarse  and  gravelly  towards 

base    10-12 

(Vn  conformity.) 
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Miocene:  fket. 

Greenish  gravelly  sand 1-3 

(  Unconformity.) 

Cretaceous  (Patuxent  formation)  : 

Light  gray,  coarse,  compact,  argillaceous,  very  arkosic  sand 1-3 

For  the  next  few  miles  to  within  i/^  mile  of  Hemmed  Island  there 
are  numerous  low  exposures  in  places  showing  only  the  compact  arkosic 
sands  or  drab-  claj^s  of  the  Patuxent  formation  overlain  by  10  or  12 
feet  of  Pleistocene,  at  other  places  showing  only  the  Miocene  in  a 
similar  relation  to  the  Pleistocene,  and  at  still  other  places  showing  a 
few  feet  of  the  Miocene  resting  on  the  undulating  surface  of  the  Patux- 
ent and  overlain  by  the  Pleistocene. 

The  next  place  at  which  Patuxent  strata  were  observed  was  at  a 
point  about  2  miles  below  the  A.  C.  L.  (Norfolk  branch)  Railroad 
bridge,  where  4  feet  of  very  compact,  laminated,  drab  clay  and  gray 
sand  is  exposed  above  medium  low-water  level. 

At  Shiloh  Mills,  left  bank,  Parmele  quadrangle,  21^  miles  above 
Tarboro,  Miocene  shell  marl  rests  directly  upon  the  undulating  sur- 
face of  the  Patuxent,  the  latter  varying  in  height  within  the  limits 
of  the  exposure  from  3^^  to  5  feet  above  medium  low-water  stage. 
The  Patuxent  materials  consist  of  greenish  gray,  sandy,  very  micaceous, 
very  compact  clay. 

Between  Shiloh  Mills  and  Tarboro,  Tarboro  quadrangle,  the  Patux- 
ent beds  appear  in  a  number  of  low  exposures  not  exceeding  8  feet 
in  height,  consisting  of  characteristic  arkosic,  micaceous  sands  and 
drab  clays.  In  places  the  sand  is  cross-bedded,  though  everywhere  com- 
pact, and  at  one  place  a  large  flattened  log  and  other  small  pieces  and 
particles  of  lignite  were  observed. 

Similar  occurrences  continue  at  occasional  intervals  below  Tarboro. 
In  a  few  places  shell  marl  or  a  pebbly  conglomerate  with  a  matrix  of 
greenish  sand  belonging  to  the  Miocene  were  seen  occupying  shallow 
basin-like  depressions  in  the  surface  of  the  Patuxent  beds,  and  over- 
lain by  8  to  10  feet  of  Pleistocene  terrace  deposit.  In  some  of  the  bet- 
ter sections  the  Patuxent  beds  assume  a  banded  appearance  due  to 
the  alternating  strata  of  sand  and  clay,  in  this  respect  resembling  sec- 
tions of  the  same  formation  exposed  along  Cape  Fear  River.  The 
best  and  highest  section  of  this  kind  on  the  Tar  River  occurs  a  short 
distance  below  Penny  Hill,  Tarboro  quadrangle,  as  follows: 


LOWER   CRETACEOUS.  103 

SECTION  BELOW  PENNY  HILL.  LEFT  BANK. 

Pleistocene:  Feet. 

Loam  and  sand  with  gravel  band  at  base 5-6 

(Inconformity.) 
Miocene: 

Thin  seam  of  loose  greenish  sand 3  in. 

(Unconformity.) 

Cretaceous  (Patuxent  formation)  : 

Very  compact,  drab,  sandy  clay,  slightly  iron-staine<l 6 

Compact,  grayish-drab,  micaceous,  argillaceous  sand 2 

Compact,  gray,  micaceous,  arkosic  sand,  stained  yellow  in  places. .  2 

Compact,  drab,  micaceous,  arenaceous  clay  stained  with  iron 2 

Compact,  drab,  micaceous,  arkosic,  argillaceous  sand 4 

At  Dupree  Landing,  Falkland  quadrangle,  the  Patuxent  beds  appear 
a  few  feet  above  the  water,  and  again  above  and  below  Parker  Landing, 
Winterville  quadrangle.  About  one-fourth  mile  above  Parker  Landing 
the  following  interesting  section  was  taken : 

SECTION  ABOVE  PARKER  LANDING    LEFT  BANK. 

Pleistocene:  feet. 

Yellow  sand,  becoming  coarse  and  cross-bedded  at  base 7 

(Unconformity  J 
Cretaceous: 

Black  Creek  formation : 

Dark  to  black,  laminated,  micaceous,  sulphur-stained  clay  with 
partings  of  fine  micaceous  sand,  containing  lignite  and  iron  sul- 
phide concretions.  This  deposit  appears  to  occupy  a  depression 
in  the  surface  of  the  Patuxent  formation,  althoujrh  the  rela- 
tions are  not  very  clear 0-6 

(Unconformity.) 
Patuxent  formation : 

Gray,  arkosic,  micaceous  sand,  compact  in  places,  and  loose,  strati- 
fied, and  iron-stained  in  others,  containing  occasional  pieces  and 
seams  of  lignite u-10 

Dark  drab,  compact,  slightly  micaceous  arenaceous  clay,  irregular 
in  exposed  thickness  along  base  of  blu.1 0-3 

About  Vs  i^^ile  below  Parker  Landing  the  Patuxent  formation  makes 
its  last  appearance  on  Tar  River,  a  few  feet  of  compact  drab  clay 
being  revealed  at  low  water,  overlain  by  several  feet  of  laminated 
sand  and  clay  of  the  Black  Creek  formation,  the  latter  containing 
characteristic  Black  Creek  plant  remains  (see  description,  p.  142.) 

The  following  section  of  a  well  at  Tarboro  which  was  drilled  under 
the  auspices  of  .the  city  government,  by  the  Sydnor  Pump  and  Well 
Company,  of  Richmond,  Virginia,  was  made  from  a  record  furnished 
by  John  A.  Weddell,  Treasurer  of  the  Board  of  Public  Works  of  that 
city: 
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SECTION  OF  WELL  AT  TARBORO,  N.  C. 

(Elevation  at  Surface  About  50  Feet.)  Thickness 

Pleistocene:  in  keet. 

White    sand 0-  15 

Miocene  (?)  : 

Caving  sand 15-  25 

Sandy  clay 25-  40 

Caving  white  sand 40-  65 

Cretaceous  (Patuxent  formation)  : 

Stiff  clay,  bluish 65-73 

Yellow  sandy  clay 73-  85 

White  sand ^ 85-90 

White  stiff  clay 90-95 

Blood-red  clay  and  slate 95-105 

White  and  pink  sandy  clay 105-115 

White,  coarse  sand,  with  a  little  water 115-125 

Yellow  sandy  clay 125-128 

Yellow  sand 128-132 

Yellow  clay 132-135 

Red  clay 135-145 

Stiff  yellow  clay 145-150 

Yellow  sandy  clay 150-152 

Stiff  yellow  clay 152-160 

.     Stiff  red  clay 160-170 

Yellow  sandy  clay 170-174 

Sandy  clay  and  coarse  gravel 174-182 

Coarse  sand,  little  water 182-190 

Stiff  yellow  clay 190-194 

Sandy  yellow  clay 194-196 

Coarse  sand 196-199 

Stiff  bluish  and  red  clay 199-202 

Stiff  clay,  red,  yellow  and  white 202-212 

Stiff  blue  clay 212-218 

Stiff  red  and  blue  clay 218-228 

Stiff  brown  clay 228-236 

Stiff  dark-brow^n  clay 236-244 

Stiff  red  clay 244-252 

Red,  black,  and  tan  (clay?) 252-253 

Yellow  sand   253-256 

Quicksand    256-257 

Yellow  clay 257-261 

Blue  clay 261-273 

Red  clay 273-277 

Pink,  red,  and  yellow  clay 277-278 

Quicksand   278-282 

Marl,  rock : 282-284 

Blue  stiff  clay 284-290 
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Thickness 
Cretaceous  (Patuxent  formation)  :  in  feet. 

Hard  red  clay 29O-300 

Red  sandstone  300^303 

Hard  red  clay 303-305 

Dark  clay 305-311 

Dark  clay  and  gravel,  rotten  rock 311-321 

Dark  clay  and  gravel  mixed 321-328 

Basement  rocks: 

Dark  clay,  like  rotten  soapstone 328-332 

Tan  clay 332-334 

Rock  formation  334-338 

Tan  clay. . .  * 338-340 

Hard  clay  and  gravel? 340-343 

Dark  rock  formation 343-346 

Hard  clay  and  gravel  ( ?)  mixed 346-349 

Hard  sandstone 349 

The  section  shows  a  thickness  of  at  least  288  feet  of  the  Patuxent 
formation.  Basement  rocks  were  penetrated  in  the  bottom  of  the  well. 
From  the  descriptions  of  the  materials  as  given  in  the  driller's  records 
the  exact  depth  at  which  these  were  entered  cannot  be  determined  with 
certainty;  but  from  correspondence  with  the  town  authorities  it  was 
ascertained  that  about  the  lower  20  feet  of  the  well  was  drilled  in  sup- 
posed 'T)ed  rock,"  and  it  is  probable  that  the  material  described  as  re- 
sembling "rotten  soapstone"  forms  the  upper  decomposed  portion  of 
these  older  rocks. 

The  most  northerly  occurrences  of  Patuxent  strata  thus  far  ob- 
served are  on  Roanoke  River  from  a  point  5  miles  below  Halifax,  near 
the  State  Farm,  to  the  steamboat  landing  at  Palmyra.  Here,  also,  the 
exposures  are  all  low,  nowhere  exhibiting  inore  than  about  12  feet  of 
strata.  With  the  exception  of  Pleistocene  terrace  beds,  the  overlying 
younger  strata  are  everywhere  of  Miocene  age.  The  Black  Creek  for- 
mation does  not  appear  on  this  stream.  The  river  was  traversed  from 
Weldon  in  Halifax  County  to  Plymouth  in  Washington  County.  (See 
sketch  map  of  Roanoke  River,  Fig.  8,  p.  106.) 

A  search  was  made  for  the  supposed  Potomac  deposit  described  by 
Fontaine  in  a  section  at  the  north  end  of  the  railroad  bridge  at  Wel- 
don, but  the  only  materials  exposed  were  of  Pleistocene  age,  the  basal 
beds  apparently  having  been  concealed  by  talus  material  subsequent 
to  his  visit.  A  study  of  the  region  about  Weldon  and  Halifax,  however, 
led  to  the  conclusion  that  the  existence  of  a  Potomac  equivalent  at 
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this  point  is  improbable,  although  it  is  possible  that  a  feather  edge  of 
the  Patuxent  formation  is  present  this  far  inland. 

The  bed  of  the  river  at  Weldon  exposes  crystalline  rocks.  The 
rapids  a  short  distance  below  the  bridge  may  be  regarded  as  the  "fall 
line,"  although  the  crystallines  appear  at  one  or  two  places  along  the 
river  banks  between  Weldon  and  Halifax  landing,  and  at  the  latter 
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Fig.  8. — Sketch  map  of  part  of  Roanoke  River,  N.  C. 

place  a  decayed  granite  rock  cut  by  basic  and  acidic  dikes  is  exposed 
to  a  height  of  20  or  25  feet  above  low-water  level.  In  the  ravines 
south  and  southwest  of  Halifax  along  Quankey  Creek  there  are  good 
exposures  of  Miocene  strata  resting  upon  a  decayed  granite  rock,  and 
at  a  number  of  places  Miocene  shell  marl  occupies  the  base  of  the 
sections  in  direct  contact  with  the  granite.  There  seems  to  be  an  en- 
tire absoneo  of  Patuxent  beds  in  the  immediate  vicinity  of  Halifax. 
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The  first  river  section  presenting  beds  of  Potomac  equivalence  is  at 
a  point  5  miles  below  Halifax,  a  short  distance  above  the  State  Farm. 
Where  best  exposed,  the  section  is  as  follows: 

SECTION  114J  MILES  ABOVE  MOUTH  OF  RIVER  AND  A  SHORT  DISTANCE 

ABOVE  THE  STATE  FARM,  RIGHT  BANK. 

Pleistocene:  Feet. 

Yellowish  sandy  clay  loam 10 

Coarse,  yellow  sand,  In  some  layers  gravelly,  alteraating  with  finer 

argillaceous  sand  layers. 6 

Heavy  bed  of  gravel  consisting  of  pebbles  and  cobbles  and  an  occa- 
sional quartz  bowlder 6 

(Unconformity.) 
Miocene: 

Dark   green   clay  with   a   few   casts.    At  one  place   chunks  of 

Patuxent  material  were  observed  reworked  in  the  base  of  the 

Miocene 3-3^ 

(Unconformity  J 

Cretaceous  (Patuxent  formation)  : 

Very  coarse,  very  arkoslc  and  micaceous  sand,  becoming  coarser 

and  containing  thin  gravel  layers  and  lenses  towards  the  base. .       12 

In  an  exposure  a  few  hundred  yards  above  where  the  section  was 
taken  the  Patuxent-Miocene  contact  is  only  4  feet  above  the  water  level, 
which  indicates  a  considerable  unevenness  in  the  eroded  Patuxent  sur- 
face. The  sand  of  the  Patuxent  formation  here  contains  seams  of 
lignite,  and  some  larger  pieces  of  brown  lignite. 

The  next  section  showing  unquestioned  Patuxent  materials  is  at 
Jacobs  Landing,  as  follows: 

SECTION  AT  JACOBS  LANDING,  MILEPOST  105,  LEFT  BANK. 
Pleistocene:  Feet. 

Partly  concealed,  sandy  loam  in  upper  6  feet  and  layer  of  gravel  at 

base 15 

(Unconformity.) 
Cretaceous  (Patuxent  formation)  : 

Compact,  dark  to  light  gray,  coarse  micaceous,  more  or  less  arkoslc 
sand.    Contains  some  very  large  mica  flakes - 6 

At  Edwards  Ferry  the  Patuxent  is  again  exposed  in  unconformable 
relation  to  the  overlying  Miocene.  The  section  is  very  similar  to  that 
near  the  State  Farm. 

SECTION  AT  EDWARDS  FERRY,  1021  MILES  ABOVE  MOUTH,  RIGHT  BANK. 

Pleistocene:  Feet. 

Concealed  except  for  gravel  band  along  base,  which  contains,  in 
addition  to  pebbles,  some  large  quartz  and  crystalline  bowlders.  18-20 
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Miocene:  Feet. 

Dark  green  clay  with  a  few  casts.  At  base  a  thin  line  of  small 
t)ebbles  lies  along  the  small  but  sharply  defined  minor  irregulari- 
ties of  the  undulating  contact.  At  one  place  chunks  of  Patux- 
ent  material  were  found  reworked  In  the  base  of  the  Miocene. . .       0-4 

(  Unconformity.) 
Cretaceous  (Patuxent  formation)  : 

Lenses  of  light  drab,  micaceous,  arkoslc  sand  and  drab  to  very 
light  drab  clay,  both  very  compact  and  in  places  indurated  almost 
to  a  hard  rock.  In  places  numerous  specks  of  Iron  pyrites  were 
observetl    4-S 

At  J.  N".  Smith's  Landing,  milepost  100,  right  bank,  6  feet  of  typi- 
cal Patuxent  sand  and  clay  are  exposed,  overlain  by  10  to  15  feet  of 
Pleistocene  terrace  materials,  the  Miocene  being  entirely  absent. 

The  last  point  on  the  river  where  the  Patuxent  formation  is  exposed 
is  in  the  75-foot  bluff  at  Palmyra  Landing,  791/2  miles  above  the  river's 
mouth. 

At  the  base  of  this  section,  immediately  below  a  bed  of  Miocene 
shell  marl,  there  appears  31^  feet  of  very  compact,  dark  greenish-gray, 
sandy  clay,  containing  in  -places  fine  grains  of  iron  pyrites.  Along  the 
base  of  the  overlying  marl  bed  and  corresponding  to  a  basal  con- 
glomerate there  is  present  a  line  of  quartz  and  phosphate  pebbles  up 
to  2  inches  in  diameter  and  an  occasional  broken  piece  of  bone.  Below 
Palmyra  the  river  bluffs  expose  no  materials  older  than  Miocene. 

South  of  Cape  Fear  River  a  number  of  stream  and  interstream 
localities  revealing  beds  of  the  Patuxent  formation  have  been  studied. 
Particularly  good  exposures  are  presented  by  the  railroad  cuts  in  the 
sandhills  of  Harnett,  Moore,  and  Richmond  counties. 

At  Spout  Springs,  Harnett  County,  in  cuts  of  the  Cape  Fear  and 
Yadkin  Valley  Railway  (A.  C.  L.)  north  and  south  of  the  station  there 
are  good  exposures  of  compact,  massive,  purplish  clay  of  the  Patuxent 
formation  overlain  unconformably  by  arkosic  sands. 

The  purplish  clay  was  regarded  by  Professor  Kerr  and  others  as 
belonging  to  the  Eocene  and  by  Professor  Ward  as  belonging  to  the 
Tuscaloosa  formation.  It  resembles  closely  the  clays  of  the  Patuxent 
formation,  however,  and  should  probably  be  referred  to  that  division. 

Similar  exposures  occur  in  certain  of  the  cuts  to  the  north  of  Spout 
Springs  for  3  or  4  miles,  some  of  the  cuts,  however,  showing  only  the 
sands  of  the  Lafayette  formation.  Likewise,  to  the  south  of  Spout 
Springs  similar  clays  are  met  with  in  cuts  to  and  beyond  Manchester 
in  Cumberland  County. 
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Patuxent  beds  essentially  the  same  as  those  described  in  the  section 
on  Cape  Fear  River  at  the  mouth  of  Little  River  (see  p.  89)  are  ex- 
posed along  the  banks  of  Little  River  at  Manchester  and  for  1  mile 
below  the  railroad  bridge  to  the  first  wagon  bridge.  Observations  were 
not  carried  down  the  river  beyond  this  point.  The  best  section  ob- 
served, exposing  about  30  feet  of  strata,  was  on  the  left  bank  about  % 
mile  below  the  railroad  bridge.  The  materials  consist  of  compact,  in 
places  slightly  indurated,  arkosic,  micaceous  sands  and  sandy  clays, 
more  or  less  mottled  with  red  or  purple  iron  stain. 

Exposures  of  the  formation  occur  in  cuts  of  the  Seaboard  Air  Line 
Railway  in  southeastern  Moore  County,  beginning  near  Crane  Creek 
bridge,  where  they  rest  upon  basement  rocks  and  extending  south- 
westward.  They  are  here  overlain  with  a  marked  unconformity  by 
discontinuous  patches  of  surficial  Lafayette  sands.  The  unconforma- 
ble relations  of  the  Patuxent  and  Lafayette  formations  are  clearly 
exhibited  in  a  cut  1%  miles  southwest  of  the  station  at  Lakeview, 
N.  C.  These  relations  are  represented  graphically  in  the  following 
sketch,  Fig.  9  (see,  also,  Plate  XV,  B,  opposite  p.  264)  : 

SW.  NE 


About  400  feet      ^ 


Fig.  0. — Sketch  showing  relation  of  the  Patuxent  formation  to  the  Lafay- 
ette formation  ;  cut  of  Seahoard  Air  Line  Railway  1  1-3  miles  southwest  of 
Lakeview,  N.  C.  ■ 

Explanation  of  Sketch. 
LafayeUe  formation: 

1.  Ck>ar8e,  yellow,  pebbly  sand. 

(Unconformity.) 
Patuxent  formation: 

2.  Partially  indurated,  medium  to  coarse,  light  gray,  arkosic,  micaceous  sand,  with  a 

few  small,  angular  pebbles  along  base. 

{Local  unconformity.) 

3.  Compact,  coarsely  arenaceous  clay,  dark  drab  to  chocolate  colored,  with  pink  mot- 

tling, locally  indurated  to  form  a  claystone. 

In  Richmond  County,  in  the  vicinity  of  Hamlet,  good  exposures 
occur  in  cuts  of  the  S.  A.  L.  Railway  northwestward  toward  Rocking- 
ham for  2  miles,  southeastward  towards  Old  Hundred  for  3  miles, 
south-southeastward  at  several  places  on  the  Gibson  Branch,  and  south- 
westward  on  the  main  line  at  a  number  of  places  between  Hamlet  and 
Cheraw,   S.    C.      The   materials   of   the   Patuxent    formation   in   this 
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vicinity  consist  of  light  gray,  coarse,  arkosic  sand,  cross-bedded  in 
places,  and  quite  compact  or  even  indurated  to  a  hard  rock,  and  of 
lenses  of  light  drab  or  mottled  red  or  purple,  more  or  less  finely  sili- 
ceous, to  coarsely  sandy  clay  intercalated  within  the  predominating 
sand  mass.  Here,  also,  discontinuous  patches  of  Lafayette  deposits  are 
present  upon  the  eroded  Patuxent  surface. 

Outside  of  the  sandhill  country,  perhaps  the  best  exposures  south 
of  the  Cape  Fear  are  those  in  the  vicinity  of  Hope  Mills  in  Cumber- 
land County. 

One  mile  northeast  of  Hope  Mills  on  the  main  line  of  the  Atlantic 
Coast  Line  Railroad  and  to  the  north  of  Little  Rockfish  Creek,  an 
interesting  section  is  revealed  at  the  south  end  of  a  long  cut.  The 
character  and  relations  of  the  materials  are  shown  in  Fig.  10. 


About, 
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-* .About  400  feet : -»• 

Fig.  10. — Sketch  showing  the  relations  of  the  Patuxent  and  Black  Creek  formations 
to  each  other,  and  to  overlying  Pleistocene  deposits  ;  cut  of  Atlantic  Coast  Line  Rail- 
road 1  mile  northeast  of  Hope  Mills,  N.  C. 

Explanation  of  Sketch. 
Pleistocene: 

1  and  2.  Loose  sand,  bsconilng  gravelly  at  base. 

( Unconformity.) 

3.  Black  Creek  formation:     Dark  clays  and  stratified  and  cross-bedded  sands  contain- 

ing lignite  in  considerable  amount,  and  concretions  of  iron  sulphide.  The  ma- 
terials vary  considerably  in  a  short  distance,  in  places  being  thinly  laminated,  with 
fine  sand  partings,  and  elsewhere  presenting  lenses  of  cross-bedded  sand  and 
thicker  clay  layers.  ^  Unconformity.) 

4.  Paiuzent  formation:     N^ear  the  canter  of  the  cut,  compact,  coarse,  gray,  arkosic  sand 

with  rounded  pellets  of  pure  white  clay,  and  towards  the  southwest  end  of  the 
homogeneous  plastic,  drab  clay. 

Layer  3  is  the  feather  edge  of  the  Black  Creek  ("Bladen")  forma- 
tion occupying  a  position  between  the  eroded  surface  of  the  Patuxent 
formation  beneath,  layer  4,  and  Pleistocene  terrace  materials  above, 
layers  1  and  2. 

Good  sections  of  Patuxent  strata  similar  in  all  respects  to  those 
occurring  along  Cape  Fear  River  in  the  vicinity  of  Fayetteville  are 
exposed  on  Little  and  Big  Kockfish  creeks  both  above  and  below  the 
bridge  of  the  road  leading  from  Fayetteville  to  Hope  Mills.  In  some 
of  thase  a  feather  edge  of  the  Black  Creek  formation  occurs  resting 
upon  the  Patuxent  and  overlain  by  Pleistocene  terrace  deposits.  De- 
tailed sections  are  given  below.     (See,  also,  section  p.  116.) 
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SECTION  1  MILE  SOUTH  OF  HOPE  MILLS  ON  RIGHT  BANK  OF  BIG 

ROCKFISH  CREEK. 

Pleistocene:  feet. 

Yellow  sand,  stratified,  and  containing  a  few  clay  layers  at  base. .         9 
Cretaceous: 

Black  Creek  formation : 

Tough,  chocolate-tinted,  carbonaceous  clay  with  some  lignite  and 

vegetable  particles 0-3 

(Unconfonnity.) 
Patuxent  formation : 

Gray,  arkosic  sand  and  clay 24-27 

SECTION  BELOW  WAGON  BRIDGE  OVER  ROCKFl.SH  CREEK.  NEAR 

BRUNT  POST-OFFICE. 

Pleistocetie:  Febt. 

Sand  and  gravel 5 

(Unconformity.) 

Cretaceous  (Patuxent  formation)  : 

Compact,  light  gray  and  greenish  gray,  micaceous,  arkosic  sand 
and  clay,  in  places  slightly  indurated  and  in  places  cross-bedded.       40 

One  doubtful  Patuxent  exposure  has  been  observed  on  Lumber  River 
in  Robeson  County,  just  below  Redbank  bridge.  It  is  described  as 
follows : 

SECTION  JUST  BELOW  REDBANK  BRIDGE.  LEFT  BANK. 

Cretaceous?  (Patuxent  formation?)  :  Feet. 

Yellowish-brown,  loamy,  arkosic  sand 4 

Coarse,  gray,  compact,  arlioslc  sand 6 

Light  drab,  compact,  sandy  clay,  becoming  more  sandy  to  a  coarse, 

argillaceous  sand  at  base 3 

Very  light  drab,  compact,  slightly  sandy  clay 2 

The  materials  in  this  section  are  not  very  characteristic,  but  it  seems 
probable  from  their  compact  condition  and  the  presence  of  arkosic 
matter  that  they  should  be  correlated  with  the  Patuxent  formation. 

UPPER  CRETACEOUS. 
BLACK    CREEK    FORMATION. 

Name, — The  name  Black  Creek  was  proposed  by  Mr.  Earle  Sloan 
in  1907.^  It  is  derived  from  Black  Creek,  a  tributary  of  Great  Peedee 
River  in  Darlington  and  Florence  counties,  South  Carolina. 

The  terrane  to  which  he  applied  the  name  is  the  equivalent,  as  shown 
by  both  its  lithologic  and  paleontologic  characters,  of  the  division  in 

^Handbook  of  South  Carolina,  issued  by  the  State  Department  of  Agriculture,  Commerce 
and  Immigration,  1907.  Chapter  5.  pp,  77-145.  (This  chapter  is  said  by  Watson  to  have 
been  issued  as  a  separate  in  May  or  June,  1907,  and  a  map  was  published  in  1905  on  which 
the  name  Black  Creek  shale  was  used.) 
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<w;,  .^^^  ,.  ^i,^  ifz'^y/*^  a*  Tino:i=  places  on  '.he  C^p*  Fear  axd  Xease 
r>'rr>.  T',' •'^,^^<-A  Cr»*k  ar.'i  Tar  Efrer.  The  lisie  inten-al  repre- 
wf;.*^y:  •;.'  •;_'*  vr^r^k  ;•  }^ll*:Tei  *o  La  re  been  of  e^jTi^derable  dnranon, 
j/'/^*,'/,,v  i?>  irr*ta*  a^  *ha*  ij.^'ri4<:4  l^^w€«i  ihe  Top  of  the  Patuxen:  and 
♦;^^  ?/&i!rfir  of  Jije  ifa^o'Lv  ji.  ifarvlaiid- 

/v'o  ►•ni''*';n:]  hrv::ak  o^-'Tir*  U-rween  the  Black  Creek  and  Peedee 
^^*ijur^'ijA  hfiiry^j  formation «,  the  character  of  the  sediments  indicat- 
i^ir  a  triif>i*>yfj  from  the  shallower  water  conditions  of  the  former  to 
•/;*;  d^-^'j^fr  v,a»'fr  cou'lh }ota9  of  the  latter.  The  line  of  division  between 
iL/?  ♦%//  forf/jatiori«  ha«  b€*n  somewhat  arbitrarily  drawn  at  the  top 
of  ^lif",  irsiukluou  lxr<l=,  or  at  the  point  where  the  materials  become 
fii.aWy  of  a  triK-  insirinf;  character.  The  placing  of  the  dividing  line 
in  thjt!  fK/%Jtioft  ha 8,  however,  been  actuated  in  part  by  certain  paleon- 
iol'fir.^'  ('i,t,Ai\i'riiUi,M'-  explaiuM  daf-where  in  this  report. 

Th'r  forfiiH^ion  extends  coa«tward  conformablv  beneath  the  over- 
ly'ittfr  Vi^Ai^i  {orrnHUon  and  has  been  recognized  in  the  basal  portion 
of  a  v."]l  \fftnnff  at  Wilrnintrton,  where  the  thickness  amounts  to  about 
t'tUO  ft't'i^  and  al-io  in  thff  basal  portion  of  a  boring  at  Fort  Caswell, 
vAtortt  \\\t'  thi^'kur*-,  if  correctly  interpreted,  is  400  feet. 

'Y\ii'.  \n'\'i]i'4\  o<\fr(i  of  the  Black  Creek  formation  in  the  belt  where 
it   would  othrrrwiKo  appr^ar  as  the  surface  material  is  everywhere  con- 

Mohfjti  tUntVAitt  (.'niv«-rijiy  Cirnjlar  So.  7  ^whole  Xo.  199),  July,  1907,  pp.  93-99. 
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cealed  from  view  by  relatively  thin  overlapping  Tertiary  strata  or  by 
surficial  "Pleistocene  terrace  deposits,  except  as  revealed  by  stream  or 
artificial  cuttings. 

The  Pleistocene  deposits  occur  as  a  surficial  covering  of  both  the 
Tertiary  and  Cretaceous  throughout  the  entire  length  of  the  belt. 
Except  for  certain  Eocene  occurrences  in  southern  Wayne  County  and 
a  number  of  Miocene  occurrences  in  the  vicinitv  of  Elizabethtown  and 
in  southern  Eobeson  County  which  probably  exist  as  more  or  less  de- 
tached basins  on  the  surface  of  the  Black  Creek  formation,  the  Pleisto- 
cene covering  rests  directly  upon  the  Black  Creek  formation  from 
Xeuse  Eiver  southward  to  the  South  Carolina  State  line.  From  north- 
eastern Wayne  County  to  the  northern  limit  of  the  belt  Miocene  beds 
everywhere  intervene  between  the  Pleistocene  terrace  covering  and  the 
Black  Creek  formation,  except  along  the  stream  borders,  where  in  the 
process  of  formation  of  the  lower  terraces  the  Mioc<?ne  beds  were  in 
places  entirely  removed. 

The  mass  of  the  materials  of  this  formation  consist  of  thinly  lami- 
nated, more  or  less  ferruginous  sands  and  clays.  The  character  of  the 
materials  may  vary  abruptly,  however,  both  horizontally  and  vertically, 
in  some  places  the  sand  and  at  other  places  the  clay  predominating.  At 
a  number  of  places  the  clay  has  been  observed  to  be  replaced  in  a  short 
distance  horizontally  by  great  lenses  of  medium-grained,  highly  cross- 
bedded  sand.  Xot  uncommonly  the  clay  and  sand  laniinap  are  tipped 
at  considerable  angles  from  the  horizontal,  this  position  being  due  to 
current  bedding.  (See  Plate  Y,  B,  opposite  p.  120.)  The  clays  are,  as 
a  rule,  dark  to  black,  due  to  the  presence  of  carbonaceous  matter,  which 
explains  the  usual  dark  appearance  of  the  exposures.  The  sands  are 
commonly  gray  or  light  yellow,  but  may  have  a  greenish  tinge  due  to  the 
presence  of  ferrous  iron,  or  a  slight  content  of  glauconito.  They  are,  as 
a  rule,  fine  to  medium  grained  in  texture  and  almost  universally  contain 
a  noticeable  percentage  of  very  fine  flakes  of  nuiscovite  mica.  Thin 
lignite  seams,  consisting  of  finely  comminuted  vegetable  particle^?,  are 
very  common.  Pieces  of  lignite  varying  in  size  from  small  particles  to 
that  of  twigs,  branches,  and  even  large  trunks  of  trees,  occur  scattered 
irregularly  through  the  materials  of  the  formation.  The  larger  |)iecos 
are  in  most  cases  flattened,  but  as  a  rule  show  the  structure  of  the 
wood  distinctly.  Many  of  the  smaller  pieces  appear  water-worn,  liav- 
ing  their  edges  and  ends  rounded.  Leaves  have  been  found  at  many 
localities  in  a  fairly  good  state  of  presen'ation,  but  in  most  ca^^es  they 
appear  to  have  been  subjected  to  maceration  processes.  Iron  sulphide 
is  in  many  places  associated  with  the  lignite,  probably,  as  a  rule,  in 
8 
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the  form  of  marcasite,  although  possibly  in  some  instances  in  the  form 
of  pjrite.  This  is  found  coating  the  lignite  or  filling  the  seams  and 
cracks  within  the  structure  of  the  wood  itself,  and  also  in  the  form 
of  irregular  concretions  of  various  sizes,  not,  as  a  rule,  attaining  very 
large  dimensions.  The  surface  which  in  the  original  position  in  the 
beds  was  covered  with  crystals  of  the  mineral,  is  commonly  corroded 
and  rusty,  as  a  result  of  exposure  to  the  atmosphere.  Amber  has  been 
observed  at  many  places  in  the  form  of  small  particles  not  exceeding 
one-half  inch  in  longest  dimension. 

Toward  the  upper  part  of  the  formation  the  laminated  sands  and 
clays  become  interstratified  to  greater  or  lesser  extent  with  layers  or 
lenses  of  greensand  or  marine  clay.  Likewise  in  the  laminated  portions 
themselves  the  thin  sand  partings  and  layers  are  noticeably  glauconitic 
in  places.  These  glauconitic  beds  constitute  the  transition  deposits 
marking  the  passage  from  the  more  typical  Black  Creek  formation  into 
the  greensands  of  the  overlying  Peedee  formation. 

The  strike  of  the  beds  of  this  formation  is  approximately  parallel  to 
that  of  the  Patuxent  formation — that  is,  northeast-southwest. 

On  account  of  the  cross-bedding  and  horizontal  variation  in  the 
character  of  the  materials  it  is  impossible  to  determine  the  dip  of  the 
strata  by  tracing  individual  beds.  From  the  position  of  the  formation, 
however,  between  the  gently  inclined  beds  of  the  underlying  Patuxent 
formation  and  the  equally  gently  inclined  marine  beds  of  the  Peedee 
formation  above,  it  may  be  inferred  that  the  dip  is  slight,  probably  not 
exceeding  20  feet  to  the  mile  and  possibly  much  less. 

Owing  to  the  lack  of  data  regarding  the  exact  dip  of  the  beds,  it  is 
impossible  to  estimate  with  any  degree  of  accuracy  the  thickness  of 
the  formation.  The  width  of  the  belt  of  outcrop  in  the  Cape  Fear 
River  region  is  at  least  30  miles.  If  the  dip  amounts  to  as  much  as  20 
feet  to  the  mile  the  thickness  called  for  would  be  600  feet.  This  esti- 
mate may  be  too  large. 

To  the  northward  the  formation  becomes  thinner  rapidly,  the  thickness 
on  the  iN'euse  being  perhaps  less  than  one-half  that  on  the  Cape  Fear; 
and  on  Contcntnea  Creek  and  Tar  River  still  less.  The  fossil  remains 
contained  in  the  formation  are  for  the  most  part  those  of  plants.  As 
above  stated,  lignite  is  common,  being  present  as  particles  and  pieces 
of  all  sizes  from  comminuted  fragments  up  to  large  limbs  or  trunks, 
and  fossil  resin  or  amber  is  in  many  places  associated  with  it.  Leaf 
remains  are  common,  having  been  collected  up  to  the  present  time 
from  over  20  localities.  The  great  bulk  of  the  material  belongs  to  the 
more  resistant  types  of  plants,  especially  those  capable  of  resisting 
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maceration,  such  as  the  conifers.  However,  in  places,  less  resistant 
dicotyledons  have  been  preserved,  as  is  shown  by  their  occurrence  in  a 
good  condition  of  preservation  on  Cape  Fear  River  at  Court  House 
Landing.  The  remains  of  marine  invertebrates  are  common  in  the 
upper  or  transitional  portion  of  the  formation,  and,  in  the  same  beds, 
bones,  coprolites,  and  sharks'  teeth  have  been  observed  at  a  few  places. 

(For  the  distribution  and  range  of  the  invertebrate  species  of  the 
Black  Creek  formation,  see  the  table  opposite  page  147.) 

Detailed  Sections. — The  most  complete  series  of  exposures  of  the 
Black  Creek  formation  are  those  afforded  by  the  Cape  Fear  River 
bluffs  from  a  point  about  101  miles  above  Wilmington  in  southern 
Cumberland  County  to  Jessups  Landing,  56  miles  above  Wilmington, 
or  possibly  as  far  as  Donohue  Creek  Landing,  60 ^^  miles  above  Wil- 
mington, Bladen  County.  (See  sketch  map  of  Cape  Fear  River,  Plate  I, 
opposite  p.  88.)  In  addition  to  the  immediate  river-bluff  localities,  there 
are  a  number  of  occurrences  in  Cumberland  County  which  should 
be  included  in  this  series.  The  escarpment  running  north  and  south 
through  Fayetteville  just  to  the  west  of  the  Atlantic  Coast  Line  Rail- 
road depot  furnishes  a  few  poor  exposures  of  Black  Creek  strata. 
The  estimated  thickness  at  this  place  is  30  feet.  They  consist  of 
stratified  or,  in  places,  laminated  sands  and  clays.  In  position  they 
rest  unconformably  upon  the  strata  of  the  Patuxent  formation  and 
are  overlain  by  Pleistocene  gravels  and  sands.  The  same  beds  are 
well  exposed  in  cuts  of  the  Atlantic  Coast  Line  Railroad  1^/4  ^o  ^V^ 
miles  southwest  of  the  depot  at  Fayetteville.  The  materials  at  the 
latter  place  consist  of  irregularly  bedded,  white  to  yellow  sand  and 
light  drab  to  black  clay,  with  numerous  thin  sheets  and  thicker  layers 
of  ferruginous  sandstone.  There  is  one  lens  of  black,  sticky,  lignitic 
clay  several  feet  in  thickness.  They  rest  upon  typical  sands  of  the 
Patuxent  formation,  the  exact  contact,  however,  being  somewhat  ob- 
scured by  talus  material. 

The  feather  edge  of  the  formation  has  been  observed  at  several  places 
near  Hope  Mills  in  Cumberland  County.  Two  of  these  occurrences 
have  been  described  elsewhere.  (See  diagram  and  description  of  sec- 
tion 1  mile  northeast  of  Hope  Mills,  p.  110,  and  description  of  section  1 
mile  south  of  Hope  Mills,  p.  111.) 

A  fossil  plant  locality  in  the  Black  Creek  formation  occurs  on  the 
left  bank  of  Little  Rockfish  Creek  about  100  yards  above  the  Hope 
Mills-Fayetteville  road  bridge.    The  section  is  as  follows : 
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SECTION  ON  LITTLE  ROCKFISH  CREEK.  100  YARDS  ABOVE  THE  HOPE  MILL3- 

FAYETTEVILLE  ROAD  BRIDGE.  LEFT  BANK. 

Pleistocene:  Feet. 

Coarse  white  sand,  becoming  gravelly  at  base  and  containing  iron 

crusts 3 

(Unconformity,  J 
Cretaceous: 

Blaclk  Creek  formation: 

Yellow,  ferruginous,  stratified  sand,  with  some  thin  layers,  grading 
into  dark,  slightly  chocolate  tinted,  laminated  clay  and  sand  lay- 
ers,  the   latter  containing   leaf   remains,   lignite,   amber,   and 

pyrites .• 8 

(  Unconformity.  J 
Patuxent  formation : 

Typical  light  gray,  arkosic,  banded  sand  and  clay  layers 25 

From  the  Black  Creek  formation  in  the  above  described  section  the 
following  fossil  plants  were  collected : 

Araucaria  hladefiensis  Berry. 
Ficus  daphnogenoides  (Heer)  Berry. 
Myrsine  horealis  Heer. 
Podozamitcs  Knowltoni  Berry. 
Sequoia  Reich enbachi  (Geln)  Heer. 
Tumion  caroliuiatinm  Berry. 
Teredo-bored  logs. 

An  account  of  the  first  appearance  of  the  formation  observed  in 
descending  Cape  Fear  River  between  mileposts  101  and  98,  where  its 
feather  edge  occurs  resting  unconformably  upon  the  Patuxent  forma- 
tion, has  already  been  given.  (See  detailed  sections  and  illustration, 
p.  98,  and  Figs.  1  and  2.) 

The  materials  in  these  exposures  consist  of  dark-  laminated  sands 
and  clays  which  contain  a  large  amount  of  lignite  in  the  form  of  large 
logs,  smaller  pieces  and  comminuted  particles,  and  also  in  some  of 
the  exposures  of  an  abundance  of  large  irregular  concretions  of  iron 
sulphide,  probably  in  the  form  of  marcasite.  The  lignite  is  in  part 
distributed  irregularly  throughout  the  deposits,  but  in  part  the  com- 
minuted particles  and  small  pieces  are  collected  together  in  the  form 
of  scams.  The  sand  partings  contain  a  considerable  percentage  of 
mica.  Descending  the  river,  poor  exposures  of  laminated  materials 
were  seen  at  "Willis  Creek  Landing,  milepost  96,  and  at  T.  M.  Sykes' 
Landing,  milepost  95. 

Prospect  Hall  Bluff,  just  above  milepost  93,  presents  a  fine  section 
of  laminated  sands  and  clays  of  this  formation.  The  bluff,  is  some  75 
or  80  feet  in  height,  it  being  one  of  the  highest  on  the  river.     The 


UFFEB  OBETACEOCS.  117 

Upper  8  or  10  feet  consista  of  loose  wKite  sand,  except  where  locally 
indurated  at  base  to  an  ironstone  rock,  of  Pleistocene  age.  The  section, 
Fig,  11,  is  a  hasty  sketch  of  that  portion  of  the  bluff  which  is  best 
exposed  for  study. 

Several  good-sized  silioified  logs  were  observed  lying  loose  on  the 
lower  slopes  of  the  blufP.  As  none  of  these  were  seen  in  place,  it  could 
not  be  determined  whether  they  came  from  the  Pleistocene  above  or 
the  laminated  beds  beneath.  The  highest  one  observed  rested  upon 
layer  No.  3  at  about  20  or  25  feet  above  the  base. 


PleMocent  (Sunderland  formatloaj: 


.  Loqse  white  sand,  except  where  locally  Indnrated  al  base  to  form  an  ironalone  rock. 
Crelaceimt  (Black  Creek  formation): 

2.  Dark  drab  to  black,  laminated  clay  wilh  partlDEs  and  some  lenses  ol  eand.     Con- 

tains some  liECitB  and  commiDuted  vegetable  remains 

3.  Rather  loose,  cross-bedded  sand,  with  some  lamina  or  drab  clay.    Contains  some 

4.  Dark  drab,  laminated  clay  and  loo9«,  licht-colared  sand. 

5.  Loose,  buff,  cross-bedded  sand,  with  a  few  lamina  of  clay. 
S.  Coarse,  cross-bedded  sandstone,  cemented  with  Iron. 

7.  Dark  drab  to  black,  laminated  clay,  containinc  much  llcnite.  In  places  teredo-bored, 
concretions  of  iron  sulphide,  and  much  mica.  Some  ol  the  llKnile  layers  are  essen- 
tially peal,  and  in  these  peaty  layers  the  mica  Is  esjieclally  abundant. 

Pliragmites  Pratti  Berry  and  Salix  fexuosa  Newberry  were  collected 
at  this  locality. 

Laminated  sands  and  clays,  varying  in  character,  but  as  a  rule  con- 
taining considerable  lignite,  iron  sulphide  concretions,  and  mica,  are 
exposed  at  many  points  for  the  next  16  miles  below  Prospect  Hall,  for 
the  most  part  in  low,  rather  poor  bluffs.  At  the  mouth  of  Harrisons 
Creek,  83  miles'above  Wilmington,  left  bank,  a  12-  or  15-foot  exposure 
of  laminated  materials  yielded  the  characteristic  Black  Creek  species 
Araucaria  bladenetms  Berry  and  Phragmites  Pratti  Berry. 
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The  next  high  bluff  is  at  Court  House  Landing,  77  miles  above  Wil- 
mington, where  the  following  section  was  made: 

SECTION  AT  COURT  HOUSE  LANDING.  MILEPOST  77. 

Pleistocene  (Sunderland  formation?)  :  Fkbt. 

Sandy  loam,  grading  down  into  a  loose,  white  sand 6 

Yellowish  to  drab,  sandy  clay,  grading  down  Into  next  layer 3 

Light,  yellowish  to  reddish,  coarse  sand,  with  a  few  lamlnse  of 

drab  clay 1.5 

Drab  clay,  mottled  with  yellow 1 

Coarse  sand,  mottled  with  yellow 2 

(  Unconformity,) 

Cretaceous  (Black  Creek  formation)  : 

Dark  bluish  to  black,  thinly  laminated  clay,  with  fine  micaceous 
sand  partings  in  which  occur  comminuted  vegetable  particles. . .       4.5 

Coarse,  loose  sand,  mottled  with  yellow,  with  a  few  laminae  of 
drab  clay 1 

Dark  bluish  to  black,  thinly  laminated  clay,  with  fine  micaceous 
sand  partings  containing  finely  comminuted  vegetable  particles, 
stained  yellow  in  places  with  sulphur 24 

Light,  somewhat  indurated,  sulphur-stained  sand 1 

(The  10  or  15  feet  of  materials  Included  in  the  preceding  layer 
and  the  base  of  the  24-foot  layer  above  are  very  variable 
.  along  the  exposure.  For  some  distance  along  one  portion  of  the 
section  the  materials  consist  of  pale  yellow,  very  coarse,  cross- 
bedded  sand,  the  color  being  due  to  sulphur.  Near  the  base  of 
this  sand  there  is  at  one  place  a  lens  of  brownish  clay  and  thin 
layers  of  iron-stained  sand,  some  20  feet  long  and  2^  feet  in 
maximum  thickness.  The  clay  contains  abundant  remains  of 
fossil  plants.) 

Gray,  yellow,  and  red  cross-bedded  sand,  for  the  most  part 
cemented  with  iron  to  a  sandstone  rock,  containing  lignite  in 
places 3-5 

Dark  to  black,  laminated  clay,  with  fine  micaceous  sand  partings, 
more  sandy  in  upper  2  feet  and  becoming  Interstratifled  with 
thicker  sand  layers  in  lower  4  or  5  feet.  Contains  some  lignite 
with  sulphur  in  places 26-2S 

Stratified  and  in  places  highly  cross-bedded,  grayish  to  reddish 
sand,  with  thin  laminaj  of  dark  clay,  containing  lignite  in  large 
and  small  pieces  and  finely  comminuted  particles 9 

The  following  is  a  list  of  the  plants  collected  and  identified  from 
the  fossiliferous  clay  lens  described  above: 

Andromeda  (jrandifolia  Berry.  Cornophyllum  sp. 

Andromeda  Parlutorii  Heer.  Diospyros  primaeva  Heer. 

Araucaria  Clarki  Berry.  Eucalyptus  atienuata  Newberry. 

CelastrophyUnm  crenatum  HeeY.  Eucalyptus  Qeinitzi  (Heer)  Heer 

Celastrophyllum,  undulatum  Newberry.       (common). 
Cinnamomum  Heerii  Lcsqucrcux  (?).    Ficus,  fruits. 
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Ficus  crassipes  Heer  (?). 

Ficus  ovatifoHa  Berry. 

Fictis  daphnogenoidea  (Heer)  Berry. 

Ficus  inaequaUs  Ijesq. 

Ficus  Stephensoni  Berry. 

Fern,  undeterminable. 

Hedera  primordialis  Sap. 

Juglans  arctica  Heer. 

Laurophyllum  elegans  Hollick. 

Leguminosites  robiniafolia  Berry. 

JAHodendron  dubium  Berry. 

Liriodendron  sp. 

Magnolia  CapeUinii  Heer. 

Magnolia  Ncioherryi  Berry. 

Menispermites  sp.  nov. 


Myrica  elegans  Berry  (the  most 

common  species). 
Myrsine  boreal  is  Heer. 
Myrsine  elongata  Newberry. 
Phaseolites  formus  Lesq. 
Phragmites  Pratti  Berry. 
Ptcrospermites  carolinensis  Berry. 
Picrospermites  crednerafolia  Berry. 
Quercus  Pratti  Berry. 
Qucrcus  sp.  nov. 
Salix  Xewberryana  Hollick. 
Sassafras  aciUilobum  Lesq. 
Sequoia  hetcrophylla  Velen. 
Zonarites  sp. 


Elizabethtown  is  731/4  niiles  above  "Wilmington.  In  the  roadway 
leading  from  the  landing  up  to  the  village  and  at  an  elevation  of  per- 
haps 40  feet  above  the  river,  the  following  forms  were  obtained : 


Ficus,  fruits. 
Myrica  elegans  Berry. 


Moriconia  americana  Berry. 
Salix  flexuosa  Newberry. 


Below  Elizabethtown  there  are  a  number  of  good  sections,  although 
a  marked  difference  in  the  character  of  the  materials  begins  to  appear 
in  some  of  the  exposures.  One-half  mile  below  milepost  73  there  is 
exposed  along  the  left  bank  about  6  or  8  feet  of  dark  green,  micaceous 
sand,  stratified  for  the  first  few  feet  at  base  and  massive  and  compact 
above,  containing  scattered  particles  of  lignite  and  a  small  percentage 
of  glauconite.  It  has  all  the  essential  characters  of  a  marine  deposit. 
In  the  next  3  or  4  miles  poor  exposures  of  similar  materials  occur  at 
several  points. 

At  Sand  Bluff  Landing,  a  little  below  milepost  70,  left  bank,  how- 
ever, the  materials  consist  of  laminated,  lignitic  sands  and  clays  simi- 
lar to  those  above  Elizabethtown,  rising  about  25  feet  above  the  water's 
edge.  (See  Plate  V,  A.)  They  are  overlain  by  20  feet  or  more  of 
loose,  light-colored  Pleistocene  sand,  with  the  usual  gravel  band  at 
base  containing  crystalline  bowlders  and  some  silicified  wood. 

At  69  miles  above  Wilmington,  left  bank,  there  is  a  5-foot  exposure, 
consisting  of  dark,  micaceous  sands  and  clays,  stratified  and  cross- 
bedded,  very  lignitic  and  containing  occasional  pieces  of  bones  and 
turtle  plates.  Towards  the  lower  end  of  the  exposure  a  compact  bed 
of  dark  glauconitic  sand,  several  feet  in  thickness,  overlaps  the  preced- 
ing, dipping  downstream  and  disappearing  in  a  short  distance  beneath 
the  water's  edge. 
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The  next  exposure  of  importance  is  at  Phoebus  Landing  below  mile- 
post  68,  right  bank.  The  materials  here  consist  of  laminated,  lignitic, 
and  pjritiferous  sands  and  clays  of  the  usual  character,  rising  4  or  6 
feet  above  the  water's  edge.  For  a  distance  of  400  or  600  feet  the 
overlying  Pleistocene,  consisting  of  clay  loam,  sand,  and  gravel,  has 
been  removed  by  erosion  back  from  the  water's  edge  some  50  or  60 
feet,  leaving  a  bench  of  dark  clays  of  the  Black  Creek  formation,  which 
slopes  gently  toward  the  river.  Imbedded  in  the  clay  and  also  lying 
loose  upon  the  surface  of  the  Black  Creek  beds  occur  numerous  broken 
pieces  of  large  dinosaur  bones,  coprolites,  crocodilian  teeth,  turtle  and 
gavial  plates,  and  sharks'  teeth.  The  bones  are  badly  broken  and  are 
for  the  most  part  in  a  poor  state  of  preservation.  Imbedded  in  the 
clay  are  a  number  of  logs  of  lignite  and  silicified  wood.  Among  the 
vertebrate  remains  from  this  locality  which  are  now  in  the  TJ.  S. 
JS'ational  Museum,  the  following  forms  have  been  identified  by  C.  W. 
Gilmore : 

DiNOSAUBIA  : 

Hypaihcma  crasaicauda  Cope. 
Trachodon  tripos t  Coi)e. 
Carnivorous  dinosaur  (Zatoniisf). 

Crocodylid.e  : 

Thccacliampaa  rugosa  Emmons. 
Polydcctes  hiivrgidns  Coi)e. 

Testudinata  ; 

Taphrosphys  dares  Ilay. 
Amy  da  sp. 

At  Big  Sugar  Loaf  Landing,  milepost  66,  left  bank,  a  fine  section 
of  Black  Creek  materials  about  one-fourth  mile  in  length  is  exposed. 
The  upper  20  feet  of  the  section  consists  of  very  loose,  white  to  bu£F, 
coarse  and  fine  sand,  with  a  gravel  band  at  base,  of  Pleistocene  age. 
Tho  Black  Creek  materials  underlying  the  loose  sands  vary  widely  in 
character  along  the  bluff.  .  They  consist  for  the  most  part  of  dark 
laminated  sands  and  clays.  (See  Plate  Y,  B.)  In  places  the  clay 
predominates  from  top  to  bottom,  while  a  short  distance  away  at  the 
same  level  occur  great  lenses  of  yellowish  or  buff  sands,  with  very 
little  clay.  A  large  amount  of  lignite,  in  the  form  of  large  and  small 
pieces  of  limbs,  etc.,  in  some  instances  teredo-bored,  and  comminuted 
particles,  occurs  in  both  the  sands  and  clays.  Some  of  the  thin  laminse 
ai-e  made  up  almost  entirely  of  comminuted  vegetable  particles.  Pieces 
of  lignite  resembling  charred  wood  are  not  uncommon.  Both  sands 
and   clays   are   in   places   coated   \nth  yellow   sulphur   stain.     A   few 
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poorly  preserved  fossil  leaves  were  obtained  here,  the  following  being 
determinable:  Ficus  daphnogenoides  (Heer)  Berry,  Sequoia  hetero- 
phylla  Velen. 

This  section  is  essentially  the  same,  although  offering  a  better  ex- 
posure, as  that  at  Sand  Bluff  Landing,  above  described.  The  Creta- 
ceous portion  of  the  cliff  is  nearly  vertical  and  is  even  undermined  in 
places.  Springs  come  out  all  along  the  upper  surface  of  the  Cretaceous 
beds,  making  little  waterfalls  along  the  bluff. 

Materials  similar  to  the  preceding  were  observed  at  Little  Sugar 
Loaf  Landing,  milepost  65;  Tom  Smith's  Landing  above  milepost  63, 
where  a  few  dinosaur  bones  were  observ-^ed ;  at  Atkinson  Landing,  mile- 
post 62,  where  one  turtle  plate  was  obtained,  and  at  McCays  Landing, 
milepost  61. 

Walkers  Bluff,  milepost  60,  presents  a  fine  section  of  Black  Creek 
materials,  which  is  described  in  detail  below.  ^See  Plate  IV,  B,  oppo- 
site p.  117.) 

SECTION  AT  WALKERS  BLUFF,  MILEPOST  60.  RIGHT  BANK. 

Pleistocene:  Feet. 

Sunderland  formation  (?): 

Sandy  loam  2 

Mottled,  reddish,  and  yellowish,  arenaceous  clay 1.5 

(Unconformity.) 
Pliocene: 

Sand,  clay,  and  shell  marl 25 

Cretaceous: 

Black  Creek  formation  (?)  : 

Indurated  layer  of  calcareous,  fossiliferous  sand  rock.  This  is  seen 
at  the  lower  end  of  the  bluff  immediately  below  the  Pliocene 
marl.  Farther  upstream  it  appears  to  be  represented  at  the 
same  level  by  loose,  unconsolidated  sand.  Still  farther  up- 
stream, where  the  slope  is  covered  with  vegetation,  the  river 
bank  at  low  water  is  seen  to  be  strewn  with  bowlders  of  this 
fossiliferous  rock  which  have  fallen  down  from  above.  The 
fossils  are  mostly  in  the  form  of  casts  and  are  difficultly  de- 
terminable         1 

Black  Creek  formation : 

Loose,  gray,  cross-bedded  sand,  interstratified  with  fine  layers  of 

drab  clay • 2 

Orange  to  yellow,  cross-bedded  sand,  with  a  few  thin  lamime  of 

drab  clay   5 

Thinly  laminated  drab  clay,  and  orange,  red,  and  drab  cross-bedded 

sands,  the  sands  predominating  in  the  lower  5  feet 7 

Thinly  laminated,  darlv-blue  clay,  and  dark  drab  to  greenish-gray 

sand,  very  compact.    The  upper  surface  is  nearly  level,  and  the 

beds  present   an   appearance   strikingly  different  from   all   the 
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Feet. 
materials  above.    The  latter,  however,  are  probably  conformable 
upon  the  former.    Lignite  is  present  in  greater  or  lesser  amount 
throughout  the  mass,  the  surface  is  stained  with  sulphur  in 

places,  and  a  few  gypsum  crystals  were  observed 24 

Indurated  layer  of  sand  containing  rounded  pellets  of  drab  clay. .         1 
Light  gray  to  yellow,  compact,  homogeneous  sand,  in  places  slightly 

indurated    3 

Thinly  laminated,  dark-blue  to  black  clay,  with  thin  layers  and 
larger  lenses  of  gray  sand,  in  places  colored  yellow  with  sul- 
phur, the  whole  containing  more  or  less  lignite 7 

The  indurated  fossiliferous  layer  at  the  top  of  the  Cretaceous  portion 
of  the  section  is  questionably  referred  to  the  Black  Creek  formation, 
the  forms  present  apparently  indicating  a  position  very  close  to  the 
dividing  line  between  the  Black  Creek  and  overlying  Peedee  forma- 
tions.   From  this  layer  the  following  were  identified : 

U.  S.  G.  S.  LOCALITY  Nos.  3354,  4145,  5338. 

Serpula  cretacca  (Conrad).  Cardium  longsiretti  Weller. 

CucuUaea  antrosa  Morton.  Cardium  sp. 

Area  sp.  Aphrodina  sp. 

Trigonoarcaf  Corhula  carolincnais  Conrad. 

Ostrea  sp.  Tellina  sp. 

Exogyra  sp.  Oastrochaena  americana  Gabb. 

Trigonia  sp.  Lunatia  ohliquata  M.  &  II. 

AnonUa  lintea  Conrad?  Turritella  trilira  Conrad. 

Pholadomya  occidentalis  Morton?      Anchura  sp. 

Vcniella  lineata  Shumard?  Pugnellus  sp. 

CrassatelHtes  sp.  Undetermined  pelecypods  and  gastropods. 

Cardium  spillmani  Conrad.  Lamna  texana  Roemer. 

Three  miles  below  Walkers  Bluff,  at  milepost  57,  right  bank,  a 
marine  bed  with  a  few  shells  in  close  association  with  overlying  lami- 
nated materials  was  observed  from  the  deck  of  a  passing  steamboat. 

At  Jessups  Landing,  milepost  56,  the  following  section  occurs: 

SECTION  AT  JESSUPS  LANDING,  LEFT  BANK. 

Pleistocene:  Feet. 

Light  colored,  loose,  coarse,  cross-bedded  sand,  with  cobbles  and 

bowlders  of  crystalline  rock  at  base 16 

(Unconforfnity.) 

Cretaceous  (Black  Creek  formation)  : 

Laminated,  dark-blue  clay,  and  light  gray,  cross-bedded,  glauconitlc, 
micaceous  sand,  the  whole  mass  quite  lignitic,  the  lignite  occur- 
ring as  pieces  of  limbs,  smaller  fragments  and  comminuted  par- 
ticles, the  latter  apffrcgated  in  the  form  of  seams  in  places. 
Some  fragments  resembling  charred  wood  were  observed.  Some 
of  the  larj;(T  pieces  of  lignite  are  teredo-bored.  Iron  sulphide 
ccmcretions  are  present  in  association  with  the  lignite 12 
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In  the  autumn  of  1905  this  section  was  ohserved  from  the  deck  of  a 
passing  river  boat.  The  water  was  then  very  low  and  there  was  re- 
vealed beneath  the  laminated  materials  a  bed  of  Cretaceous  shell  marl 
in  a  matrix  of  compact  marine  sand  or  clay,  several  feet  in  thickness, 
which  was  not  exposed  when  the  above  section  was  made.  This  is  the 
last  exposure  of  undoubted  Black  Creek  materials  observed  in  descend- 
ing the  river. 

Just  below  Whitehall  Landing,  53^  miles  above  Wilmington,  right 
bank,  about  8  or  10  feet  of  dark  greenish  clay  is  exposed  above  the 
water's  edge.  This  is  questionably  regarded  as  belonging  to  the  Black 
Creek  formation. 

At  Deep  Water  Point,  51%  miles  above  Wilmington,  left  bank,  there 
is  exposed  at  extreme  low  water  a  layer  of  greenish-gray,  calcareous 
and  fossiliferous  rock  about  1  foot  in  thickness,  of  marine  origin.  It 
is  underlain  by  a  dark,  unconsolidated  shell  marl  containing  many 
sharks'  teeth  and  fragile  Cretaceous  fossils,  about  1  foot  being  exposed 
above  the  water.  These  materials  are  questionably  referred  to  the 
Black  Creek  formation.  The  rock  forms  a  shelf  along  the  cove  side  of 
the  bend,  and  passes  back  under  a  covering  of  Pleistocene  terrace  ma- 
terials. 

Ten  feet  of  dark-blue  laminated  clay  forming  the  base  of  the  bluff 
at  Donohue  Creek,  50%  miles  above  Wilmington,  should  perhaps  be 
regarded  as  the  top  of  the  Black  Creek  formation,  their  lithologic 
character  favoring  this  view.  It  is  reasonably  certain  that  the  over- 
lying strata  in  this  section  should  be  referred  to  the  Peedee  ("Burches 
Ferry")  formation,  the  reference  being  based  upon  the  presence  of  the 
fossils  Ostrea  subspatulata  Forbes  and  Exogyra  costata  Say.  (See  sec- 
tion on  page  147.) 

In  Sampson  County  a  few  poor  exposures  of  weathered  laminated 
sands  and  clays  have  been  observed  on  one  of  the  headwater  tributaries 
of  Black  River  between  Roseboro  and  Clinton,  which  are  believed  to 
belong  to  the  Black  Creek  formation.  No  work  was  done  in  the  Black 
River  Valley  between  these  occurrences  and  Clear  Run.  One  exposure 
of  dark  laminated  beds  was  examined  about  4  miles  west  of  Tomahawk 
on  South  River,  which  forms  the  western  boundary  of  Sampson  County. 
On  Black  River  outcrops  of  the  formation  have  been  studied  from 
Clear  Run  in  Sampson  County  to  Horrell  Landing  in  Bladen  County. 
Throughout  this  distance  as  observed  in  the  river  bluffs  the  formation 
is  everywhere  overlain  by  Pleistocene  terrace  materials. 

The  Black  River  occurrences  are  described  in  detail  on  the  following 
pages.     fSeo  sketch  map  of  Black  River,  Fig.  12,  p.  124.) 
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Below  the  wagon  bridge  at  Clear  Eun  there  appears  at  low  water 
about  12  feet  of  dark  to  black,  laminated  clajy^,  with  partings  of  fine 
micaceous  sand  and  seams  of  lignite,  mostly  in  a  comminuted  condi- 
tion. Occasional  larger  pieces  of  lignite  and  small  concretions  of  iron 
sulphide  are  present,  scattered  somewhat  irregularly  throughout  the 
materials.  The  only  determinable  fossil  plant  obtained  .here  was  the 
characteristic  Black  Creek  ("Bladen'')  form,  AratLcaria  hladenensis 
Berry. 
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Fig.  1-J.-  Sketch  map  of  part  of  Black  River,  N.  C. 

At  Sugar  Loaf  Bluff,  2%  miles  below  Clear  Run,  there  is  a  25-foot 
exposure  of  Black  Creek  materials,  consisting  of  dark,  thinly  laminated 
ligiiitic  sand  and  clay. 

At  Bradsliaws  Landing,  about  3  miles  below  Clear  Eun,  the  follow- 
ing section  was  made: 

SECTION  AT  BRADSHAWS  LANDING.  74  J  MILES  ABOVE  WILMINGTON,  LEFT  BANK. 

Plcifitocenc:  Feet. 

Yellow  sandy  loam,  grading  down  into  yellow  sand,  with  a  thin 

bed  of  gravel  at  base 7 

(Unconformity.) 
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(r€taceou8  (Black  Creek  formation)  :  Pebt. 

Dark,  carbonaceous  clay  iuterlaminated  with  greenish-gray  glau- 
eonitic  sand,  containing  amber,  .lignite,  and  comminuted  vegetable 
particles.  Contains  an  occasional  leaf  of  Araucariu  hladenensis 
Berry  and  the  seed  of  Cephalotaxospermum  carolineanum  Berry. 
A  few  bone  fragments,  probably  turtle  plates,  and  one  coprolite 
were  observeil 2.5 

At  Sykes  Landing,  74  miles  above  Wilmington,  left  bank,  a  section 
similar  to  the  preceding  is  exposed,  from  which  the  following  fossil 
plants  were  collected : 

AraucaHa  hladenensis  Berry. 
Chondrophyllum  yordenskioldi  Heer. 
^  Cunninghamites  elegana  (Corda)  Endl. 

Cephalotaxospermum  carolineanum  Berry. 

Xear  the  site  of  an  old  mill  one-fourth  mile  northeast  of  Sykes  Land- 
ing, on  land  owned  by  C.  S.  Bradshaw,  a  few  shell  prints  were  obtained 
from  fragments  of  sandstone  which  according  to  the  owner  were  dug 
from  a  rock  layer  closely  underlying  the  surface  in  the  immediate 
vicinity  of  the  mill.  This  rock  is  probably  a  lens  in  the  Black  Creek 
formation.  The  forms  include  Gh/cymeris  (?)^  Cardium  sp.,  Tellini- 
mera  (?),  etc.    (TJ.  S.  G.  S.  Loc.  No.  5355.) 

The  next  interesting  exposure  observed  was  at  Big  Bend,  where  the 
following  strata  appear : 

SECTION  AT  BIG  BEND,  73}  MILES  ABOVE  WILMINGTON,  RIGHT  BANK. 

Pleistocene:  Feet. 

Loam,  clay,  and  sand,  with  a  pebble  band  along  base 7 

(  Unconformity.) 

Cretaceous  (Black  Creek  formation)  : 

Dark  greenish-gray,  tough,  carbonaceous  clay,  in  places  laminated 
with  thin  sand  partings.  Contains  amber,  pyrites,  lignite,  and 
fossil  leaves  6 

The  following  fossil  plants  were  collected  from  this  outcrop : 

Andromeda  novae-caesareae  Ilolllck.  (^alix  flexuosa  Newberry. 

Araucaria  hiadenensis  Berry.  Salix  Lesquerenxi  Berry. 

Araucaria  Jeffreyi  Berry.  Cephalotaxospermum  carolineanum 

Chondrophyllum  Nordenskioldi  Heer.  Berry. 
C ycadinocarpus  circularis  Newberry. 

• 

For  the  next  two  miles  there  are  numerous  low  exposures  of  lami- 

■ 

nated  Black  Creek  materials. 

At  the  upper  end  of  a  low  terrace  bluff  at  Mossy  Log  Landing,  71^/^ 
miles  above  Wilmington,  the  following  section  occurs: 
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SECTION  AT  UPPER  END  OF  BLUFF  AT  MOSSY  LOG  LANDING,  71i  MILES 

ABOVE  WILMINGTON,  RIGHT  BANK. 
Pleistocene:  Feet. 

Loose  gray  sand 3 

(Unconformity  J 

Cretaceous  (Black  Creek  formation)  : 

Dark  greenish-gray,  slightly  arkosic,  compact,  argillaceous  and  in 
places  ferruginous  sand,  containing  soft  shell  casts 4 

Laminated,  dark  to  black  clay  and  gray  or  ferruginous  sand,  in 
which  were  observed  a  few  poorly  preserved  spechnens  of  Aran- 
carta  hladenensis  7 

The  fossils  listed  below  were  obtained  from  the  greensand  layer. 

U.  S.  G.  S.  LOCALITY  No.  6367. 

SerpvJa  sp.  Cymella  hella  Conrad. 

Nucula  n.  sp.   (aff.  N.  percrassa  Crassatellites  carolinensis  Conrad. 

Conrad).  Cardium  longstreeti  Weller. 

Area  sp.  Cardium  sp. 

Trigonoarca  sp.  Isocardia  clifftooodensis  Weller. 

Trigonia  (probably  new  species).  Linearia  metastriata  Conrad. 

Pecten  n.  sp.  Leptosolen  hiplicata  Conrad. 

Pholadomya  sp.  Corbula  carolinensis  Conrad. 

(specimen  destroyed).  Undetermined  pelecyi)ods. 

Between  Mossy  Log  Landing  and  Gummers  Cove  60%  miles  above 
Wilmington  there  are  a  number  of  low  exposures  of  marine  beds  con- 
sisting of  dark  green  or  greenish-gray,  fossiliferous  sand  with  an  occa- 
sional indurated,  calcareous  layer  likewise  fossiliferous.  Collections  of 
fossils  were  made  wherever  possible,  and  on  the  following  pages  are 
given  lists  of  the  forms  identified. 

U.  S.  G.  B.  LOCALITY  No.  5356— BLACK  RIVER,  N.  C,  69  MILES  ABOVE 

WILMINGTON,  N.  C,  RIGHT  BANK. 

Cymella  bella  Conrad. 
Corhula  carolinensis  Conrad. 
Undetermined  pelecypods. 

U.  S.  G.  S.  LOCALITY  No.  5358— BLACK  RIVER,  N.  C,  BRYANT  NEWKIRK'S 
MARL  HOLE,  66  MILES  ABOVE  WILMINGTON,  N.  0. 

Serpula  cretacea  (Conrad).  Ostrea  cretacea  Morton. 

Nucula  n.  sp.  (aff.  A^  percrassa  Trigonia  sp. 

Conrad).  Pecten  n.  sp. 

Area  sp.  Crassatellites  carolinensis  Conrad. 

Cucullaca  antrosa  Morton?  Cardium  longstreeti  Weller. 

Trigonoarca  triquetra  Conrad.  Cardium  eufaulense  Conrad. 

Trigonoarca  u.  sp.  Cardium  Spitlmani  Conrad. 
Glycymeris  suhauslralis  (d'Orblgny).     Cardium  sp. 

Pinna  sp.  Cyclothyris  sp. 


UPPEB  ORETACEOUS. 


127 


Linearia  metastriata  Courad. 
Corbula  carolinensis  Conrad. 
Gastrochaenaf  (same  as  at  White- 
ley  Creek  Landing) . 
Undetermined  pelecyp^s. 
Lunatia  sp. 


Tutritella  sp. 
Undetermined  gastropods. 
Lamna  texana  Roemer. 
Otodus  appendiculatus  Agassiz. 
Cor  ax  falcatua  Agassiz. 
Turtle  plate. 


U.  S.  G.  S.  LOCALITY  No.  5359— BLACK  RIVER,  N.  C,  64  MILES  ABOVE 

WILMINGTON,  N.  C. 


Hamulus  major  Gabb. 

Nucula  u.  sp,  (aflP.  N.  percrassa 

Conrad). 
Area  sp. 

Trigonoarca  triquetra  Conrad. 
Trigonoarca  (probably  new  species). 
Olycymeris  aubaustralia  (d'Orbigny). 
Ostrea  cretacea  Morton. 
Trigonia  eufalensis  Gabb? 
Pecten  n.  sp.  argUlensis  Conrad. 
Anemia  lintea  Conrad. 
Pholadomya  occidentalis  Morton? 


Cymella  hella  Conrad. 
Etea  carolinensis  Conrad. 
Veniella  conradi  (Morton). 
Crassatellites  carolinensis  Conrad? 
Cardium  longstreeti  Weller? 
Cardium  eufaulense  Conrad. 
Cardium  sp. 

Undetermined  pelecypods. 
Oyrodes  crenata  Conrad. 
Turritella  vertehroides  Morton? 
Undetermined  gastropods. 
Lamna  texana  Roemer. 


U.  S.  G.  S.  LOCALITY  No.  5360— BLACK  RIVER,  N.  C,  CORBITT'S  BLUFF,  63* 

MILES  ABOVE  WILMINGTON,  N.  C. 


Hamulus  major  Gabb. 
yucula  n.  sp.  (aflf.  3^.  percrassa 

Conrad). 
Trigonoarca  triquetra  Conrad. 
Olycymeris  subaustralis  (d*Orblgny). 
Ostrea  cretacea  Morton. 
Pecten  n.  sp. 

Anomia  argent  aria  Morton. 
Anemia  lintea  Conrad. 
Cymella  hella  Conrad. 


Crassatellites  carolinensis  Conrad? 
(same  as  at  Whiteley  Creek  Land- 
ing). 

Crassatellites    (probably  new   species; 
same  as  at  Wbiteley  Creek  Landing) . 

Cardium  sp. 

Corhula  carolinensis  Conrad. 

Undetermined  pelecypods. 

Hamulus  major  Gabb. 

Turritella  vertehroides  Morton? 

Otodus  appcndiculatus  Agassiz. 


U.  S.  G.  S.  LOCALITY  No.  5361— BLACK  RIVER,  N.  C,  62J  MILES  ABOVE 

WILMINGTON.  N.  C. 

Hamulus  major  Gabb?  Cymella  hella  Conrad. 

Trigonoarca  triquetra  (Conrad).  Veniella  conradi  (Morton). 
Trigonoarca  n.  sp.  (same  as  at  Kerr*s  Crassatellites  carolinensis  Conrad? 

Cove).  Crassatellites  (probably  new  species). 

Olycymeris  sp.  Cardium  sp. 

Ostrea  cretacea  Morton.  CorhxUa  carolinensis  Conrad. 

Pecten  n.  sp.  Undetermined  pelecypods. 

Anemia  lintea  Conrad.  Turritella  vertehroides  Morton? 


^'^^  THE  rOAST^L  PLACT  OF  3fOBTH  CABOLETA. 

C.  3.  <;.  -1.  LtjCALITY  VcM    *l.-»i   VXD  .5362— BLACK  RIVER,  X.  C.  KERR'S  COVE. 

&2i  \IIL£.S  ABOVE  WirJilNGTON,  X.  C. 

Bryozoa.  Anomia  n.  Sf^. 

S^rpHla  rretnrffi  i  Tonrad • .  Cijmella  hella  Conrad. 

ff'jmulHJt  mtt!f*r  G;\Uh.  Vf^nieUa  aonradi  (Morton). 

\itcuhi  n.  "^p.  •  afT.  V.  />^r'-»r'iwx«  CrfiMsiit*!llitPJ<  tmrolinenaiH  Coiirati. 

<  onrad  ) .  fraJtsnteUiteit  pteropais  Conrad. 

/."^»  n.  :^p.    ( <nm»»  as  at  Bine  Banka  Cardium  sp.    (large). 

La  nd  i nur » .  /.*o#*a rdia  sp. 

.V''/no*/o#i  i^MAf/»'rt.v;.>r  <'i>nrad?  '  'irlotlnfrU  carolinensisi  Conrad. 
T>'toonnnrf'n  t.-'ijuffri  t'lnirad.  Xiibr't*  hvi* 

Trffj**"f''*trrii  a.  si>.  •  -^ain**  as  ar  Blat'k  f.hienria  met nstr lata  Conrad. 

Kivt»p.  ti^'j  iui;**s  aJmv**  Wi:iiiin:ir«m.  Lttinmen  pianulatnm  (Conrad  >. 

X.  C.  K  >o///wrt.' 

Arf^a  ?»p.  '  'tvbnhi  rtirnlinpnaia  Conrad. 

0!*trf^ti  rrrtftrrfi  Morr«>a    every  r'nderermiut^d  pele<*yx>^s. 

ahiindanr*.  Turritplla  rrrtebroides  Morton'} 

OMfrrti   frrfiiti.'it'l   Oabb.  finrtj*U:>*f 

ftfttrrn  piumos-n  >ror:c.n.  nf^^ins  npptHtlirnlnfua  Agasslz. 

O^tr^fi  n.  sp.   jwirti  riiie  :»tria'i«'ns ».  P>>rthru4  sp.  Indor.   (same  as  at  Snow 
Tnooniti  n.  sp.  11:11,  X,  <.'.     Identiti^l  by  J.  W.  (;id- 

prrtt  n.    n.    '^p.  ley  ». 

.l;iorji/'i  Init'-n  Courad. 

r.  -<.  (J.  s    [M   \i  rrv    v^    ;.;.>.i~b[  \j  k  rivfr.  x.  c.  CrfMHERS  cove.  \  ifiLE 

VIV»\K   i>i-.r.rv.  N    (      ''^ri   MIL?:.-  AB«'\t:  W'lUflXilTOX.  X.  C. 

ft>if>'*tt  f '-  '>ii  m  M'»rr.>n   •  abundant  i. 

Thi^  Imrizon  proUaMv  o<'rTTpit=^s  a  p<^5irion  very  nearly  the  same  as 
that  ar  Iu:rr>^  Cove. 

At  tiif  .\.  ('.  L.  KailroaJ  liri»ij:»^.  ii.:l^'p<^^r  r>>,  laminated  plant-bearing 
Ik'^s  aerriin  app^-ar.  a-^  de-soriK-il  in  the  following  section: 

sF;r'rro.\  \r  a.  c  i.  ft  n  Bi:i.»'ii:.  :>.^  milks  ab^.vk  wilmixotox,  right  baxk. 

S;mm1   \\\\h   tliiu  i:r.iv»'I  bai.d  at  \^'\<e lli 

(ft  tftf  f(n(s   (  j;ia«-k  Cn'f'k   fi>rinari«»n»  : 

I>;irlx  to  Ma<  k.  laniinaft'tl.  rartwnartH.us  clay,  containing  fossil 
l»';iv«'s.  liu'nitc  scarjis  ami  lay«Ts.  lai-jrcr  liijuite  fragments,  iron 
siilphidr  comn'tions.  and  anil»«'r.  altcrnatin;;  with  sand  layers 
frniri  tliin  scams  up  to  layers  1  foot  in  thickness.  The  sand  is 
nilc;ic»M»us  and   more  or  Ic^s  ;;Iauconiiic 27 

A  list  of  flic,  dctcrniinahlc  plant  remains,  from  the  above-described 
niack  ('reck  formnficm  is  given  below: 

AmlrfttiH  (hi  iKHitc-fiu  sanitr  II(»lli<k.        .\f(ihi/fO(inia  homJIcnsis  Berry. 
Arnurnrin  hhnlrurnsiH  licrry.  Cfj^hdlotaroxprrmum  carolineanum 

Araiiraria  'frffrcyi  Ucrry.  H<'rry. 
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The  next  exposure,  %  niile  below  the  preceding,  at  Corbits  (Old 
Union)  Bridge,  presents  5  feet  of  laminated  materials  essentially  like 
the  preceding  and  furnishes  a  closely  similar  assemblage  of  forms.  The 
list  follows: 

Araucaria  bladenensis  Berry.  MaUipoenna  horrvllcnsis  Berry. 

ChondrophyUum  yordetiskioldi  Heer.     Cepluilotaxospermum  carolineanum 
Cunmnghamites  elegans  (Corda)  Endl.     Berry. 
Kalmia  hrittoniana  Holllck? 

Wear  Ivanhoe,  56%  miles  above  Wilmington,  left  bank,  the  Black 
Creek  species  ChondrophyUum  N ordenskioldi  Heer  was  obtained  in 
close  association  with  the  following  scarcely  determinable  pelecypod 
casts,  etc.:  Leda  sp.,  Pecien  sp.,  Crassatellites  sp.,  Cardium  Sp.,  un- 
determined pelecypods,  crab  claws.  (TJ.  S.  G.  S.  Locality  Xo.  5363.) 
The  material  containing  these  forms  is  similar  to  that  at  the  two  pre- 
ceding localities. 

One-eighth  mile  below  the  preceding,  marine  beds  again  make  their 
appearance,  a  section  of  which  is  given  below : 

SECTION  AT  56}  MILES  ABOVE  WILMINGTON,  LEFT  BANK. 
Pleistocene:  Feet. 

Yellow  sand 10 

(I'nconformitu.) 

Cretaceous  (Black  Creek  formation)  : 

Dark-greeiK  finely  micaceous,  saudj-,  glaucoiiite  clay  with  scattered 
bits  of  lignite,  vegetable  particles  and  amber,  and  contalniug 

soft  casts  of  shells 4 

Yellow,    sulphur-stained    sand 2 

Concealed  to  water's  edge 5 

A  list  of  the  determinable  casts  from  the  greensand  layers  is  given 
below : 

U.  S.  G.  S.  LOCALITY  No.  5364. 

Bryozoa.  VcnirJia  cotiradi  (Morton). 

Nucula  n.  sp.  (alT.  N.  pcrcrassa  Cj'assatcUites  caroUtictishi  Conrad? 

Conrad).  Cardium  longstreeli  Well^rV 

Leda  cHffwoodensis  Weller?  Cardium  eufalcnse  Conrad? 

Area?  Undetermined  i)elecypods. 

Trigonoarca  cliffwoodensis  Weller.  TtirriteUa  sp. 

Anemia  Hntea  Conrad?  Ammonite   (indeterminable  fragments 
Cymella  hella  Conrad.  of  cast). 

At  Hatchers  Reaches,  54%  miles  above  Wilmington,  left  bank,  an 
indurated  layer  of  gray,  calcareous,  fossiliferous  limestone,  barely  ex- 
posed at  extreme  low  water,  yielded  the  following  forms: 
9 
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U.  S.  G.  S.  LOCALITY  No.  5365. 

Bryozpa.  Modiolaf 

Hamulus  major  6abb.  Crassatellites  carolinenaia  Conrad. 

Serpula  cretacea  (Conrad)?  Cardium  longstreeti  WeUer. 

Nucula  n.  sp.  (aff.  N.  percrassa  Cardium  eufaulense  Conrad. 

Conrad).  Cyprimeria  depreasa  Conrad. 

Trigouoarca  triquetra  Conrad.  laocardia  clijfiooodenais  Weller. 

Nemodon  eufalensis  Conrad?  Linearia  metastriata  Conrad. 

Area  sp.  Undetermined  pelecypods. 

Ostrea  sp.  Turritella  sp. 

Exogyra  sp.  Lamna  texana  Roemer. 

Anomia  argentaria  Morton.  Otodus  appendicuJatus  Agassiz. 

Anomia  Hntea  Conrad.  Corax  falcatua  Agassiz. 

At  Iron  Mine  Landing  the  following  section  is  presented : 

SECTION  AT  IRON  MINE  LANDING,  61  MILES  ABOVE  WILMINGTON,  LEFT  BANK. 

Pleistocene:  Fbbt. 

Dark  brown,  rather  coarse,  ferruginous  sand. 8 

{  Unconformi  ty.) 

Cretaeeous  (Black  Creek  formation)  : 

Dark  greenish-gray,  sandy,  micaceous,  compact  clay,  with  a  few 

soft   casts    7 

Indurated  layer  of  gray,  calcareous  sandstone 1% 

Layer  of  rotten  shell  marl  with  gray  sand  matrix 2i^ 

Indurated,  siliceous,  shell  marl  layer...' 1 

The  list  of  forms  obtained  at  the  above  locality  is  given  below : 

U.  S.  G.  S.  LOCALITY  No.  5366. 

Scrpiila  cretacea  (Conrad).  Cardium  eufauleuse  CouTadl 

Trigonoarca  triquetra  Conrad?  Cardium  longstreeti  Weller. 

Qlycymeris  suhausiralis  (d'Orbigiiy).     Cardium  spillmani  Conrad. 

Osirea  suhspatulata  Forbes.  Cardium  sp. 

Ostrea  plumosa  Morton.  Aphrodina  regia  Conrad. 

Ostrea  n.  sp.   (fine  striations).  Aphrodina? 

Exoifiira  poidcrosa  var.  crraticosiata     Cyclothyris  alia  Conrad. 

Stephenson.  Lcgumen  planulatum  (Conrad). 

Trifionia  (probably  new  species).  Lcptosolen  hiplicata  Conrad. 

Pectcii  n.  sp.  Hchizod^sm^r 

Anomia  n.  sp.  Undetermined  pelecypods. 

Pholadomya  n.  sp.  Lunatia  sp. 

Anatimjjaf  Ajiohura  sp. 

Etea  Caroline nsis  Conrad.  Turritella  trilira  Conrad. 
VenicUa  conradi  (Morton). 

The  last  exposure  of  the  Black  Creek  formation  observed  in  descend- 
ing Black  River  is  at  Horrell  Landing,  where  the  following  section  is 
exposed : 


UPPSB   OBBTAOEOUS.  131 

SECTION  AT  HORRELL  LANDING,  481  MILES  ABOVE  WILMINGTON,  RIGHT  BANK. 

Pleistocene:  Febt. 

Loamy  sand,  becoming  coarse  at  base 5 

(Unconformity,) 

Cretaceous  (Black  Creek  formation) : 

Laminated,  dark,  carbonac^us,   lignitic  clay  and  greenish-gray 

sand,  well  preserved  leaf  remains 1-1% 

Dark  greenish-gray,  marine  sand  and  clay 4 

The  following  is  a  list  of  the  plant  remains  collected  from  the  fos- 
silif erous  portion  of  the  above  section : 

Araucaria  hladenensis  Berry.  Cunninghamites  elegans  (Corda)  Ehidl. 

Chondropltyllum  Nordenskioldi  Heer.     Malapoenna  horrellensis  Berry. 

In  the  southern  part  of  Johnston  County,  at  Bentonville,  and  on 
the  side  of  the  valley  of  Stone  Greek  where  it  is  crossed  by  the  Smith- 
field  and  Wilmington  wagon  road,  there  have  been  observed  a  few  poor 
exposures  of  white  to  yellow  sand  with  lenses  and  laminsB  of  drab, 
purple,  and  chocolate  clay,  which  are  believed  to  form  a  weathered 
phase  of  the  Black  CreeS  formation. 

Exposures  of  the  Black  Creek  formation  occur  in  the  bluffs  of  Neuse 
River  from  Blackmans  Bluff,  117%  miles  above  New  Bern,  in  Wayne 
County,  to  Whiteley  Creek  Landing,  60  miles  above  New  Bern.  Prom 
the  first-named  point  to  the  A.  C.  L.  Railroad  bridge  southwest  of 
Groldsboro  the  formation  rests  unconformably  upon  the  undulating 
surface  of  the  Patuxent  formation,  which  at  the  latter  point  passes 
finally  below  water  level.  It  is  overlain  unconformably  by  Pleistocene 
terrace  deposits  and  by  several  basin-like  occurrences  of  Eocene  strata. 
Below  Whiteley  Creek  Landing  the  beds  are  believed  to  pass  conform- 
ably beneath  the  overlying  Peedee  formation.  (See  sketch  map  of 
Neuse  River,  Fig.  4,  p.  96.) 

In  descending  the  river  from  Smithfield  the  first  high  land  observed 
approaching  close  to  the  river  banks  was  at  Blackmans  Bluff.  Here 
the  Black  Creek  formation  was  first  seen.  The  lower  20  feet  of  the 
section  was  exposed  at  the  time,  the  water  being  4  or  5  feet  above 
normal. 

SECTION  AT  BLACKMANS  BLUFF,  RIGHT  BANK. 

Pleistocene:            ,  p^pj 

Concealed  by  vegetation 30 

Cretaceous  (Black  Creek  formation)  : 

Drab  to  brownish  drab,  sandy,  micaceous  clay 12 

Stratified,  iron-stained  sand,  and  drab. to  dark  or  brownlsli  drab 
clay,  containing  leaf  impressions,  comminuted  vegetable  parti- 
cles^ small  pieces  of  lignite,  a  fe\v  concretions  of  iron  sulphide, 
occasional  bits  of  amber  and  pieces  of  silicified  wood.  Near  the 
base  the  sand  lenses  are  in  places  indurated 8 
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About  %  mile  farther  downstream  the  same  upland  bluff  is  cut  by 
the  river  and  a  section  essentially  the  same  as  the  preceding  is  revealed. 
The  same  species  of  plants  were  found  at  about  the  same  level.  It  is 
probable  that  the  Patuxent  formation  occurs  a  short  distance  below 
the  water  level  here,  and  might  be  exposed  at  a  low-water  stage. 

In  the  two  preceding  sections  the  following  fossil  plants  were  col- 
lected : 

Aceratea  amboyense  Berry.  Eucalyptus  nervosa  Newb. 

Andromeda  novae-caesareae  Hollick.  Kalmia  brittoniarm  Hollick? 

Chondrophyllum  tfordenskioldi  Heer.  Liriodendron  cf.  primaevum  Newb. 

Dewalquea  groenlandica  Heer.  Planera  creiacea  Berry. 

At  a  spring  a  few  hundred  yards  back  from  the  river  and  at  a  higher 
level  than  the  materials  revealed  in  the  preceding  sections  a  poor  ex- 
posure of  Eocene  limestone  occurs,  which,  although  the  contact  was  not 
seen,  probably  overlies  and  rests  directly  upon  the  Black  Creek  forma- 
tion. 

In  a  section  at  milepost  105,  right  bank,  10  feet  of  Black  Creek  ma- 
terials appear  resting  unconformably  upon  the  Patuxent  formation  and 
overlain  by  questionable  Tertiary  beds.  A  detailed  account  of  this  sec- 
tion is  given  on  page  97.  The  materials  here  are  irregularly  bedded, 
consisting  in  part  of  dark  drab,  thinly  laminated  clay  with  some  lignite. 
and  in  part  of  large  lenses  of  yellowish  stratified  sand. 

At  about  milepost  104,  a  few  feet  of  laminated  Black  Creek  mate- 
rials were  observed  at  the  base  of  a  low  bluff  on  the  right  bank. 

At  97^  miles  above  iNTew  Bern  the  following  section  was  made : 

SECTION  AT  97i  MILES  ABOVE  NEW  BERN. 
Pleistocene:  Feet. 

Yellow  sandy  loam,  grading  down  into  coarse  yellow  sand  with  a 

thin  band  of  gravel  at  base  containing  quartz  and  crystalline 

pebbles    14 

( Unconformity  J 

Cretaceous  (Black  Creek  formation?)  : 

Gray,  sandy,  carbonaceous  clay,  in  places  near  the  base  interstrati- 
fied  with  rather  coarse  sand,  and  containing  some  good-sized  logs 
of  lignite,  partly  in  the  condition  of  brown  lignite,  and  an  abund- 
ance of  iron  pyrites  in  the  form  of  irregular  concretions 9 

A  section  esv«?entially  the  same  as  the  preceding  occurs  at  95^  miles 
above  Xew  Bern. 

Tlie  unconformable  relations  of  the  Patuxent  and  Black  Creek  for- 
mations are  well  exhibited  in  an  exposure  at  the  county-road  bridge 
2  miles  southwest  of  Goldsboro  and  94%  miles  above  !N"ew  Bern.     The 
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details  of  this  section  are  given  on  p.  98.  (See,  also,  Plate  III,  B, 
opposite  p.  98.)  The  Black  Creek  materials  here  consist  of  dark  to 
black  laminated  clay  with  partings  and  thin  layers  of  fine,  micaceous, 
slightly  glauconitic  sand,  the  whole  more  or  less  lignitic.  Similar  mate- 
rial appears  in  a  section  at  the  A.  C.  L.  Railroad  bridge  %  mile  below 
the  preceding.  (See  section,  p.  99.)  Here,  also,  they  rest  upon  the 
Patuxent  formation.  This  is  the  last  place  at  which  the  Patuxent 
formation  appears  above  water  level. 

At  milepost  93  a  low-water  stage  reveals  about  3  feet  of  laminated, 
lignitic  sand  and  clay  of  the  Black  Creek  formation.  The  thin  sand 
partings  contain  grains  of  glauconite. 

At  milepost  92,  %  mile  above  Arringtons  Bridge,  6  feet  of  Black 

Creek  materials  similar   to  the  preceding  is  exposed   along  the   left 

bank.     They  contain  lignite,  grains  of  amber,  and  pyrites.     In  a  lens 

of  dark  clay  about  4  feet  above  the  base  the  following  plant  species 

were  collected: 

A7-aucaria  Ifladcnensis  Berry. 
Araucaria  Jeffreiji  Berry. 
Podozamites  sp. 
Sequoia  Reich cnbachi  (Gein)  Ileer. 

Associated  with  the  plant  remains  were  a  few  indeterminable  casts 
of  pelecypod  shells. 

Between  the  preceding  and  a  point  87%  miles  above  N'ew  Bern  there 
are  occasional  exposures  of  characteristic  Black  Creek  materials  in 
most  places  rising  only  a  few  feet  above  low-water  level.  At  several 
places  the  beds  present  a  slightly  more  marine  aspect  than  is  exhibited 
by  typical  Black  Creek  materials,  as  shown  by  the  occurrence  of  glau- 
conite grains  in  the  thin  sand  layers  and  partings.  At  the  last-named 
point  there  is  a  2-foot  exposure  of  black  clay  with  fine  sand  laminee 
in  which  the  writer  collected  a  few  leaf  remains  associated  with  poor 
casts  of  Leda,  Cardium,  etc.  (U.  S.  G.  S.  Loc.  Xo.  5350.)  The  plant 
species  are  as  follows: 

Araucaria  hladcncnms  Berry. 

Araucaria  Jeffrcyi  Berry. 

Ficus  daphnogenoidca  (Heer)  Berry. 

A  short  distance  below  the  preceding  Araux-Airia  hladenensis  Berry 
and  a  large  undetermined  leaf  were  obtained. 

Between  the  last-named  locality  and  the  Sarpony  Hills,  831/4  miles 
above  New  Bern,  there  are  several  occurrences  of  Black  Creek  mate- 
rials presenting  no  unusual  characters. 
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At  the  latter  point  the  river  touches  the  base  of  a  hill  whose  height 
exceeds  100  feet.  From  the  water's  edge  to  a  height  of  at  least  83  feet 
this  bluff  consists  of  Eocene  limestone,  which  appears  to  fill  a  deep 
depression  in  the  eroded  Cretaceous  surface. 

At  milepost  83,  4  feet  of  laminated,  dark  greenish-gray,  glauconitic 
sand  and  clay  appears  at  the  base  of  a  low  Pleistocene  terrace  section. 
At  Broadhurst  Bridge,  82%  miles  above  Wew  Bern,  a  few  feet  of 
Eocene  limestone  is  again  seen  at  the  water's  edge.  About  100  yards 
below  Broadhurst  Bridge,  milepost  82,  the  following  section  was  ob- 
tained : 

SECTION  AT  MILEPOST  82,  RIGHT  BANK. 
Pleistocene:  Feet. 

Loam  and  sand  with  grave]  band  at  base S 

(Unconformity  J 

Cretaceous  (Black  Creek  formation)  : 

Dark  greenish-gray,  micaceous  sand,  iu  places  coarse,  and  in  places 
interlaminated  with  dark  clay  layers  and  elsewhere  with  lighter 
sand  layers   S 

Essentially  the  same  kind  of  materials  are  exposed  almost  continu- 
ously along  the  right  bank  for  the  next  two-thirds  mile. 

The  first  marine  materials  observed  containing  determinable  fossils 
were  at  a  point  79^4  miles  above  N"ew  Bern.    The  section  is  as  follows : 

SECTION  79i  MILES  ABOVE  NEW  BERN.  RIGHT  BANK. 

Pleistocene:  Feet. 

Loam  and  sand  with  a  band  of  gravel  at  base G 

Cretaceous  (Black  Creek  formation) : 

Greenish-gray,  marine  sand  containing  pelecypod  casts  as  follows : 
Nemodon  cufalensis  Conrad?,  Trigonia  sp:,  Crassatellites  caro- 
Hnensis  Conrad,  Isocardia  clifficoodensis  Weller,  Cyprimeria  de- 
pressa  Conrad,  Cyclothyris  alia  Conrad?,  Leptosolen  bipUcata 
Conrad,     (i:.  S.  G.  S.  locality  No.  5418) G 

Dark  greenish-gray,  glauconitic  sand  appears  a  short  distance  below 
milepost  77,  left  bank,  beneath  about  10  feet  of  Pleistocene  materials. 
From  this  was  obtained  indeterminable  pyrites  casts  of  the  genus  Pema 
(U.  S.  G.  S.  Loc.  No.  5351). 

At  a  point  locally  known  as  "The  Cliffs,"  76%  miles  above  New 
Bom  and  just  above  Ivvs  Landing,  the  river  again  strikes  against 
high  land,  and  the  following  fine  section  is  exposed: 

SECTION  AT  "THE  CLIFFS"  ABOVE  IVYri  LANDING,  76^  MILES  ABOVE  NEW  BERN. 

Pleistocene: 

Sunderland  formation   ( ?)  :  Feet. 

Lijrht-yellow  sand 12 

Hand  of  small  pebbles  with  sand  matrix 1.5 

(Unconformity.) 
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CretaceouB: 

Black  Creek  formation:  Feet. 

Light  gre«iish-gray  sand,  mottled  with  yellow 5 

Dark  to  black  clay,  chocolate-colored  where  weathered,  with  seams 
of  fine  sand  and  seams  of  peaty  material  in  which  occur  small 

amber  grains,  the  whole  mottled  with  yellow 4 

Chocolate-colored,  sandy  clay,  mottled  with  sulphur  and  iron  stain.       1.5 
Pale  greenish-yellow,  fine-gruined.  cross-bedded  sand,  with  a  large 

percentage  of  brown,  partially  weathered,  glaucouite  grains 4 

Chocolate-colored,  sandy  clay,  with  la  mi  me  of  sand  at  base,  mottled 

with  sulphur  and  iron  stain 2.5 

Pale  greenish-yellow,  glauconitio.   cross-beddod   sand,  with   some 

clay  laminae.    The  glauconite  grains  are  weathered  brown 1.5 

Chocolate-colored,  glauconitie,  ttmrse,  sandy  chij*,  becoming  more 

sandy  at  base 3 

Chocolate-colored  clay  interlauiiuuteil  with  green  and  yellow  glau- 
conitie sand  2.5 

Light  argillaceous  saud,  mottled  with  chocolate  tints 3.5 

Dark,  chocolate-colored,  slightly  indurated,  argillaceous  saud 4 

Pale  greenish  yellow,  and  darker  chocolate-colored  sands,  more  w 
less  argillaceous  in  different  layers,  mottled  with  iron  and  sul- 
phur stain,  and  containing  some  indeterminable  shell  casts 25 

Yellow  and  purple,  coarse,  ferruginous,  cross-bedded  sand,  for  the 
most  part  indurated  to  sandstone 11 

Between  this  point  and  Seven  Springs  (milepost  75)  there  are  two 
other  bluffs  presenting  sections  essentially  like  the  preceding,  though 
not  so  high.  In  the  first  of  these  (milepost  76)  a  layer  of  sand  about 
20  feet  above  the  ba««e  contains  soft  casts  of  shells,  among  which  were 
recognized  the  following  genera:  Pinna,  Cardium,  Aphrodinu,  Mactraf, 
Pugnellus,  large  fusiform  gastropod,  Naviilus,  etc.  (TJ.  S.  G.  S.  Loc. 
4163). 

At  Seven  Springs,  milepost  75,  a  few  feet  of  dark  greenish-gray, 
glauconitie  sand  appears  overlain  by  about  10  feet  of  Pleistocene  sand. 
The  greensand  contains  some  small  pieces  of  lignite. 

About  V2  mile  west  of  Seven  Springs  a  few  rods  below  what  is  known 
as  the  "Xinth  Spring"  and  back  from  the  river  about  14  mile,  there  is 
a  3-foot  exposure  of  dark  green  marine  clay,  one  layer  of  which  con- 
tains an  abundance  of  soft  clay  casts.  The  elevation  of  this  layer 
above  the  water  level  in  the  river,  as  nearly  as  could  be  determined  by 
rough  leveling,  is  15  feet.  The  following  is  a  list  of  the  forms  identi- 
fied: 

U.  p.  G.  S.  LOCALITY  No.  5352. 

yemodon  hrevifrons  Conrad.  Pecten  n.  sp. 

Glycymeris  congef<1a  Conrad.  Anatinaf 

Olycymeris  sp.  CymeUa  heUa  Conrad. 

Trigonoarca  triqvetra  Conrad.  VenieJla  conradi  (Morton). 
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Etea  carolinensis  Courad. 

Cardtum  sp. 

Isocardia  cHfftcoodcnsis  Weller? 

Aphrodina  sp. 

Cyclotftyrisf 

Legumen  pliinulatum  (Conrad). 


Leptosolen  bipUcaia  Conrad. 
Scfiizodcsnia  appressa  Gabb. 
Corhula  carolinensis  Conrad. 
TurriteUa  sp. 
Gyrodesf 
Auchiira  sp. 


Augiir  Hole  Landing,  milepost  73,  left  bank,  presents  the  following 
section : 

SKCTIOX  AT  AUGER  HOLE  LANDING.  MILEPOST  73,  LEFT  BANK. 

Pleistocene:  Fkkt. 

Yellow  loamy  clay  and  sand,  with  a  band  of  gravel  at  base 3-7 

(Vnconformiti/J 

Cretaceous  (Black  Creek  formation)  : 

Dark  greenlsb-gray,  more  or  less  argillaceous  sand,  with  an  in- 
durated layer  1  to  2  feet  thick  near  base.  Very  fossil  if erous,  the 
fossils  l)elng  in  the  form  of  shells  and  casts.  The  shells  are 
for  the  most  part  fragile.  Locally,  Just  above  the  indurated 
layer,  the  shells  are  fragmentary,  constituting  a  loose  coqulna 
material    6 

The  following  is  a  list  of  the  fossils  collected  at  the  above  locality : 

U.  S.'g.  S.  LOCALITY  Nos.  4160  AND  5353. 


Hamuhis  major  Gabb.       ^ 
Serpula  sp.  (straight  tube). 
Nneuta  n.  sp.  (aff.  N.  percrassa  Con- 

rjul ) . 
Cucullaca  antrosa  Morton? 
Nemodon  eufalcnsis  ('onrad. 
Area  sp. 

GhjcumeviH  con{/exfa  (Conrad). 
Brevlarca  sp. 
Tri(jono(irca  n.  sp. 
(rcrriUm  en  xi  for  mis  Conrad. 
Ofitrca  crctarea  Morton? 
Ostrca  tcclicosta  (Jabb. 
Gryphaea  rcHiciiJaris  Lamarck. 
Erouiira  ponder ona  Roenicr. 
Pcvtcn  n.  sp. 
Flicatuhi  sp. 

Lima,  o-rj/ pleura  ( < 'onrad ) . 
Lima  retieuhita  I'orbes. 
Lima  pelaffira  (Morton). 
Anumid  ii.  sp. 
('innvUa  hvUa  Conrad. 
VcnivUa  conradi  (  Morton  K 


J'Jtea  carolinensis  Conrad. 

Crassatellites  carolinensis  Conrad. 

Lucina  glebula  Conrad. 

Cardium  longstreeti  Weller. 

Cardium  eufaulense  Conrad? 

(Ujprinieria  depressa  Conrad. 

Vyprimeria  densata  (Conrad). 

Aphrodina  rcfjia  Conrad? 

Tell  in  a  s]). 

Leyumen  plan ulaium  ( Conrad ) . 

Cymhophora  lintea  (Courad). 

Corhnla  carolinensis  Conrad. 

Corhula  crassiplica  Gabb. 

Arwhura   (probably  new  species,  same 
as  at  Snow  Hill,  N.  C). 

Ataphrus  kerri  Gabb? 

Undetermined  pelecypods  and  gastro- 
pods. 

Fish  vertebra. 

Lamna  Icrana  Roemer. 

Otodns  appendicvlafiis  Agasslz. 

Corax  faleatus  Agasslz. 


Of  the  .'1.")  or  more  deteriniiiahle  species,  about  25  ate  identical  with 
species  oconrrin(^  at  Snow  Hill,  N.  C,  and  it  is  probable  that  this  bed 
is  approximately  synchronous  with  that  horizon. 
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At  milepost  72,  22  miles  above  Kinston,  left  bank,  the  following 
forms  were  obtained  in  a  low  exposure:  Leda  sp.,  Xemodonf,  Area  sp., 
Cymella  Bella  Conrad,  Lunatiaf,  Anchura?,  Otodus  appendiculatus 
Agassiz.  (U.  S.  G.  S.  Loc.  Xo.  4138.)  From  this  point  to  milepost  60 
there  are  occasional  low  exposures  of  greensand  or  dark  marine  clay, 
the  latter  in  places  coniaining  soft  casts  of  shells,  and  both  the  sand 
and  clay  in  places  contain  poorly  prescribed  fossil  shells. 

At  621/4  miles  above  New  Bern  (12^2  miles  above  Kinston),  left 
bank,  the  following  forms  w^ere  obtained:  Cymella  bella  Conrad,  Cras- 
satellites  carolinensis  Conrad,  and  Corbula  sp.  ?  (U.  S.  G.  S.  Loc.  Xo. 
4135.) 

At  Whiteley  Creek  Landing,  milepost  60,  the  river  bank  presents  a 
section  about  %  mile  in  length  which  is  essentially  the  same  in  char- 
acter throughout  and  which  may  be  represented  by  the  following  gen- 
eral section: 

SECTIOX  AT  WHITELEY  CREEK  LANDING.  MILEPOST  60,  RIGHT  BANK. 

Pleistocene:  Felt. 

Yellow  saiidy  clay  loam,  grading  down  Into  coarse  sand  with  a 

thiu  band  of  gravel  along  base 6-10 

(i'twotiformity.) 

Cretaceous  (Black  Creek  formation)  : 

Dark  greenish-gray,  rather  coarse,  glauconitic  saud,  with  several 
more  or  less  discontinuous  indurated  layers  between  top  and 
bottom.  Very  fossiliferons.  the  fossils  being  soft  except  in  the 
indurated   layers    S-10 

The  contained  faiina,  which  is  listed  below,  indicates  that  this  hori- 
zon occupies  a  position  very  close  to  the  dividing  line  between  the 
Black  Creek  and  Peedee  formations.  The  absence,  however,  of  such 
forms  as  Ostrea  larva  Lamarck,  the  typical  form  of  0.  snhspaiulaia 
Forbes,  and  Belemnitella  americana  Morton,  points  to  its  being  some- 
what older  than  the  typical  Peedee  formation,  and  it  is  therefore  tenta- 
tively referred  to  the  upper  part  of  the  Black  Creek  formation. , 

U.   S.   G.   S.    LOCALITY   Nos.   4136   AND   5354— NETSE   RIVER.    WHITELEY   CREEK 
LANDING,  N.  C,  60  MILKS  ABOVE  NEW  BERN.  N.  C.     (EXPOSURE 

EXTENDS  i  MILE  ABOVE  LANDINCJ.) 

^StephanophylUa  sp.  (near  S.  boirer-  Ostrea  subspatuhita  Forbes? 

bankii  M.  E.  &  H.    Iden.  by  T.  W.  Ostrea  plumosa  Aforton. 

Vaughan.)  Ostrea  n.  sp.  (same  as  at  Blue  Banks 
SerpuJa  creiacea  (Conrad).  Landinjr,  X.  (\). 

CucuUaea  antrosa  Morton.  Ostrea  n.  sp. 

Nemodon  hrevifrotis  Conrad.  Eaouyra  sp. 

Area  rostellata  Morton?  Trif/onia  n.  sj).  (probably  same  as  at 
Glycymeris  subaustralis  (d'Orbigny).         Snow  Hill,  N.  C). 

Perna  n.  sp.  Pcrtvti  n.  sp. 
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Anomia  linifera  Courad.  Aphrodina  tippana  Conrad? 

Anomia  argentaria  Morton.  Aphrodina  regia  Conrad. 

Crenella  n.  sp.  Aphrodina  sp. 

Drcissenaia  sp.  Linearia  (LiothyrisJ  carolinensis 

Pholadomya  f  Conrad. 

Etea  carolinensis  Conrad.  Tellinaf 

Crassatellites  carolinensis  Conrad.  Oastrochaenaf    (same    as    at    Bryant 

Crassatellites  (probably  new  species).      Newkirk's  Landing.  N.  C.) 

Brachymeris  alta  Conrad.  Undetermined  pelecypods  and  gastro- 

Cardium  eufaulense  Conrad.  pods. 

Cardium  spillmani  Conrad.  Fisb  vertebra. 

Cardium  dumosum  Conrad.  Lamna  texana  Roemer. 

Cardium  sp.  Otodus  appendiculaia  Agassiz. 

Isocardia  n.  sp. 

The  width  of  the  belt  of  outcrops  of  the  Black  Creek  formation 
where  it  crosses  Contentnea  Creek  Valley  is  nearly  10  miles,  the  ex- 
posures occurring  from  a  point  about  2  miles  below  Speights  Bridge 
to  the  vicinity  of  the  twenty-fifth  milepost,  or  about  6  miles  below 
Snow  Hill.  For  the  first  few  miles  of  the  distance  the  formation  rests 
with  unconformable  relations  upon  the  Patuxent  formation.  The  ex- 
posures are  all  low,  not  exceeding  12  or  14  feet  above  water  level. 
Except  where  removed  by  Pleistocene  terracing  processes,  the  over- 
lying beds  are  believed  to  be  of  Miocene  age,  although  no  good  expos- 
ures showing  these  relations  were  observed.  (See  sketch  map  of  Con- 
tentnea Creek,  Fig.  4,  p.  96.) 

At  the  locality  indicated  about  2  miles  below  Speights  Bridge,  right 
bank,  the  Black  Creek  formation  first  makes  its  appearance,  the  mate- 
rials consisting  of  typical,  dark  drab  to  black,  laminated  clays,  with 
partings  of  fine  micaceous  sand,  the  whole  more  or  less  lignitic.  There 
it  rests  unconformably  upon  the  Patuxent  formation,  and  for  several 
hundred  yards  along  the  bank  the  undulating  upper  surface  of  the  lat- 
ter is  observ^ed  to  rise  and  fall  4  or  5  feet  above  and  below  water  level. 
For  the  next  few  miles  the  only  Cretaceous  materials  appearing  in  the 
river  banks  belong  to  the  Patuxent  formation,  but  at  a  point  about 
three-fourths  of  a  mile  above  Fools  Bridge  the  Black  Creek  formation 
ap:nin  appears. 

SECTION   2  Mn.E  ABOVE  FOOLS  BIUDGE  (CONTENTNEA  P.  O.).  FALKLAND 

QUADRANGLE,  RIGHT  BANK,  CONTENTNEA  CREEK. 

Pleistocene:  Feet. 

Loamy  clay   4 

Keddish.  iron-stained,  coarse,  cross-bedded  sand,  with  a  band  of 

pravel   at   base 2 

( Unconformity, ) 
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Cretaceous  (Black  Creek  formation)  :  Feet. 
Laminated,  dark  drab  to  black  clay,  with  partings  and  lenses  of 
fine  sand,  containing  a  large  amount  of  lignite  in  form  of  logs, 
which  are  in  places  teredo-bored,  smaller  pieces  and  commi- 
nuted particles.  Irregular  iron  sulphide  concretions  are  also 
present.  Near  the  base  the  sand  lenses  are  in  places  indurated 
with  iron  oxide  and  in  places  the  surface  of  the  exposed  ma- 
terials is  coated  yellow  with  sulphur  stain G 

From  here  to  a  point  about  4  miles  below  Fools  Bridge  (Contentnea 
P.  O.)  similar  laminated  materials  are  exposed  at  frequent  intervals, 
rising  to  a  maximum  height  of  8  or  10  feet  above  the  water.  Litho- 
logicallj  these  materials  resemble  in  all  respects  the  laminated  sands 
and  clays  of  the  Black  Creek  formation  exposed  in  the  bluffs  of  Cape 
Fear  and  Neuse  rivers. 

At  Snow  Hill  no  exposures  of  Cretaceous  materials  were  observed 
along  the  immediate  river  banks.  Professor  Kerr,i  however,  observed 
such  exposures,  as  shown  by  the  following  quotation:  "And  at  Snow 
Hill,  in  Lenoir  County,  on  Contentnea  Creek,  is  a  line  of  bluffs  on 
the  south  side  of  the  stream,  several  hundred  yards  in  length,  and  20 
to  40  feet  high,  the  lower  portion  of  which  to  the  height  of  10  or  12 
feet  is  a  Cretaceous  sandy  marlyte,  filled  with  shells,  .  .  ."  At 
the  time  visited  the  water  was  several  feet  higher  than  extreme  low 
stage,  and  it  may  be  the  outcrops  referred  to  were  thus  concealed;  or 
vegetation  may  have  since  taken  possession  of  the  slopes.  However,  in 
a  ravine  near  an  old  schoolhouse,  in  the  scarp  bordering  a  swamp  to  the 
west  of  town,  a  small  fossiliferous  exposure  was  found  in  which  were 
collected  a  large  number  of  fossils,  including  the  larger  part  of  the 
species  described  by  Conrad  in  Kerr's  report,  to  which  reference  has 
just  been  made.  The  matrix  here  consists  of  dark  green,  glauconitic, 
argillaceous  sand  or  sandy  clay.  The  fossil  layer  is  perhaps  10  to  15 
feet  above  medium  low- water  level  in  Contentnea  Creek.  In  1891  a 
collection  was  made  by  Dr.  T.  W.  Stanton  from  the  same  horizon 
somewhere  along  this  scarp  to  the  west  of  town.  These  have  not  pre- 
viously been  studied  or  reported  upon.  The  list  of  fossils  as  given  be- 
low has  been  compiled  from  Conrad's  list,  from  a  list  furnished  by 
Gabb,2  from  Dr.  Stanton's  collection,  and  from  the  recent  collection 
made  by  the  writer. 


»N.  C.  Geo!.  Surv.  Report,  Pt.  I,  1875,  pp.  147-149. 
«Acad.  Nat.  Sci.,  Proc,  Philadelphia,  1876,  pp.  276,  324. 
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U.  S.  G.  S.  LOCALITY  Xo«.  785  AND  5348.  KERR'S  REPORT,  1875,  GABB'S  LIST  AND 


STANTON'S  COLLECTION. 

Hamulus  major  Gabb. 
ticrjmla  cretacea  (Courad). 
Xucula  11.  sp.  (nff.  N,  percratfsa 

Courad). 
Leda  SI),  iudet. 
Cucullaca  carol ineti sis  Gabb. 
yenwdon  eufalensis  Conrad. 
Xemodon  hrcvifrons  Conrad. 
Jiarbaiia  (PlagiarcaJ   lintea  Conrad. 
Barbatia  (Plagiarca)  carolincnsis 

Courad. 
Trigofwarca  (Brcviarca)  umhonata 

Courad. 
Trigonoarca  iriqueira  Courad. 
Trigonoarca  {Breviarca)  perovalis 

Conrad. 
Trigonoarca  {Brcmarca)  caroHnensis 

Courad. 
Triyottoarra  n.  si). 
(ilycyincriH  conyn*ta   ( Conrad  ) . 
Inoceramus  proximus  Tuomey? 
Oervillia    sp. 
Pteria  petrosa  (Courad). 
Ostrea  sp. 
Oryphaca  sp. 

Exogyra  pondcrosa  Koemer. 
Trigonia  u.  sp. 
Pvvtcn  u.  SI). 

Lima  oxy pleura  (Courad). 
Lima  reticulata  Forbes. 
Auomia  linifera  Conrad. 
Anomia  lintea  Conrad. 
Atiftmia  u.  si). 

Mytilus  eondccorafus  (V)nrad. 
Mytilufi  uasutus  Conrad. 
Lithophoffu  caroUnetisis   (Conrad). 
Jnopmia  caroUncnsifi  Conrad. 
("ymclhi  hello  Conrad. 
Veniella  eonradi  (Morton). 
Lteti  eantlinensis  Conrad. 
L}'i]>h]iUi   eonradi    ( Wliitfield). 
(.'rassatellites  enroUneHsis  Conrad. 
CnissateniteM  pteropsis  Conrad. 
Lueina  f/lehuhi  Conrad. 
lirdehinneris  alta  Conrad. 


LOCALITY— SNOW  HILL.  N.  C. 

Tetiea  parilis  Courad. 
Arena  oarolinensis  Courad. 
Cardium  eufaulense  Courad. 
Cardium  carolincnsis  Courad. 
Cardium  (related  to  C.  alabamcnse 

Gabb). 
Protocardium  carolinensis  Conrad. 
Cyprimeria  depressa  Courad. 
Cyprimeria  densata   (Conrad). 
Aphrodina  regia  Conrad. 
Cyelothyris  alta  Conrad. 
Vyelothyris  carolinensis  Conrad. 
Linear ia  (Lyothyris)  carolinensis 

Courad. 
Linearia  (probably  new  species)    («). 
Linearia,  n.  sp.  {h). 
Lcgumen  planulaium  (Courad). 
Leptosolen  biplicata  Conrad. 
Baroda  carolincnsis  Courad. 
Hercedon  ellipticus  Conrad. 
Ocna  plana  Courad. 
Cymbophora  lintea  (Conrad). 
Corbula  crassiplica  Gabb. 
Corbula  carolincnsis  Courad. 
Corbula  n.  sp. 
P  hoi  ax  n.  sp. 
Pholas  sp.  indet. 
Dental  iumf 

Cadiiius  obnutus  (Conrad). 
Ataphrus  kerri  Gabb? 
Chemnitziaf 
Triehoptropis  sp.  Indet. 
Callonema  carolinensis  Conrad. 
Gyrodes  crcnata  Conrad. 
Lunatia  sp.  indet. 
Turritella  quadriliru  .Johnson. 
Anehura  n.  sp.  (Incorrectly  identifiwl 

as  A.  rostrata  Morton  by  Conrad). 
Pufjnellus  dcnMatus  Conrad? 
Pyropsis  sp.  indet. 
Liopeplum  thoraeieu  Conrad. 
PUieentieeras  placenta  I)e  Kay. 
Lamna  texona  Roenior. 
Portheus  sj).   ln<let.    (possibly   P.   mo- 

lussufi).    Identified  by  J.  W.  Gidley. 


TIk*  above  list  inchidos  about  69  or  more  distinct  species  of  inverte- 
brate remains.     This  is  tlie  largest  number  yet  obtained  from  any  single 
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locality  in  North  Carolina.  That  the  horizon  should  be  regarded  as 
occupying  a  position  lower  than  the  Peedee  sand  is  indicated  by  the 
conspicuous  absence  of  such  forms  as  Ostrea  larva  Lamarck,  the  typical 
forms  of  Ostrea  subspatulata  Forbes  and  Exogyra  costaia  Say,  and 
Belemnitella  americana  Morton,  and  by  the  presence  of  a  considerable 
number  of  forms  which  are  not  known  to  occur  in  the  Peedee  forma- 
tion or  its  equivalents,  but  which  are  found  at  numerous  other  locali- 
ties in  the  upper  part  of  the  Black  Creek  formation  and  its  equiva- 
lents. Of  these  the  following  are  the  more  common:  a  new  species  of 
Xucula  related  to  N.  percrassa  Con.,  Trigonoarca  triquetra  Conrad, 
Exogyra  ponderosa  Roemer,  CrassateUites  cnroUnensis  Conrad,  and 
Corbula  carolinensis  Conrad.  Of  the  total  number  of  species  included 
in  the  above  list,  twenty  or  more  have  not  previously  been  reported 
from  other  than  this  locality,  although  collections  from  some  of  the 
Xorth  Carolina  localities  which  are  described  for  the  first  time  in  this 
report,  all  of  which  occur  in  the  upper  part  of  the  Black  Creek  forma- 
tion, include  a  few  of  these  species. 

At  Snow  Hill  and  in  the  immediate  vicinity  the  Black  Creek  beds, 
which  as  far  as  observed  do  not  rise  more  than  15  or  20  feet  above 
water  level,  are  overlain  unconformably  by  Miocene  sands  and  clays. 

The  next  exposure  observed  on  Contentnea  Creek  revealing  Creta- 
ceous strata  was  at  a  point  about  1  mile  below  the  Snow  Hill  bridge. 
The  section  is  given  as  follows: 

SECTION  1  MILE  BELOW  SNOW  HILL,  RIGHT  BANK. 

Pleistocene:  Fekt. 

Loamy  sand,  grading  down  into  coarse,  loose  sand  with  n  gravel 

band  at  base 0 

(L'monfonnUy.j 

Cretaceous  (Black  Creek  formation)  : 

Dark  green,  very  sandy,  glanooiiitio.  micaceous  clay 2 

For  several  miles  below  this  there  are  occasional  low  exposures  of 
Cretajceous  greensand  or  marine  clay,  but  with  the  exception  of  some 
soft  casts  no  fossils  were  observed. 

At  2TY2  miles  above  the  mouth  of  the  stream,  right  bank,  a  poorly 
exposed  bluff  reveals  only  Miocene  sands. 

Within  the  next  one-half  mile  there  are  several  low  occurrences  of 
characteristic  marine  Cretaceous  sands  and  clays  belonging  to  the 
Black  Creek  formation.  Figure  13,  p.  142,  shows  the  undulating  charac- 
ter of  the  Cretaceous  surface  as  it  appears  in  a  bluff  above  milepost  26. 

At  milepost  25,  6  miles  below  Snow  Hill,  left  bank,  the  following 
forms  were  collected  from  a  4-foot  exposure  of  greensand,  the  lower 
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portion  of  which,  where  it  passed  beneath  the  water,  is  filled  with  an 
abundance  of  fragile,  fragmentary  shells,  with  some  perfect  though 
fragile  specimens,  as  follows: 

U.  9.  G.  S.  LOCALITV  No.  *H2. 

Erogyra  ponderoga  Roemer.  AnomUi  a.  ep. 

Trlgonia  11.  Bp.  tsame  as  at  Snow  CvpHmeria  depreMa  Conrad. 

Hill.  N.  C.)  Corbttla  craseiplica  Gat*. 

Pecten  simpticias  Conrnd.  Bone  fragment. 


The  presence  of  Exogyra  potiderosa  Roemer  and  of  the  Trigonia 
indicates  that  this  horizon  should  be  regarded  as  occupying  a  position 
about  the  same  as  that  at  Snow  Hill. 

Tar  River  exhibits  the  beds  of  the  formation  interruptedly  from 
near  Parker  Landing,  12  miles  above  Greenville,  to  Randolph  Land- 
ing, 6  miles  above  Greenville,  Winten-ille  quadrangle.  (See  sketch 
map  of  Tar  River,  Fig.  7,  p.  101.) 

The  first  exposure  to  be  seen  in  descending  the  river  is  at  a  low 
bluff  about  one-fourth  mile  above  Parker  Landing.  Here  the  Black 
Creek  beds,  which  consist  of  dark  to  black  laminated,  lignitic  clays, 
with  fine  micaceous  sand  partings,  containing  Iron  sulphide  concre- 
tions, rest  with  unconformable  relations  upon  Patuxent  beds,  A  de- 
tailed section  is  given  on  page  103. 

The  next  occurrence  is  about  one-eighth  mile  below  Parker  Landing. 
At  the  base  of  this  section  a  few  feet  of  Patuxent  clay  appears  above 
the  water,  overlain  by  several  feet  of  poorly  exposed  Black  Creek  ma- 
terials. These  consist  of  laminated,  dark  to  black  clay,  with  partings 
and  thin  layers  of  micaceous  sand,  containing  an  abundance  of  lignite 
in  the  form  of  seams  and  comminuted  particles,  iron  sulphide  concre- 
tions, and  occasional  small  pieces  of  amber.  In  certain  of  the  layers 
and  seams  plant  remains  occur  in  considerable  numbers.  The  forms 
listed  below  were  collected: 

Ariincarin  hla^ciiciiais  Derry,  Uakipooina  horretlensis  Berry. 

Araiirnrin  Jcffiriil  EeiTy.  Myrica  cUfftcoodenMs  Berry. 

Clio:itlr'iiihj/llmn  Xorilinsliohti  Heer.     Seqvoia  minor  Velen. 
Kiifuliipiux  Grinil:i  (Hcer)  Hocr.  Ccphalolaxogperm^im  caroHneanum 

ScijiKiia  Rcichrnbaclii  (Geln)  Hocr.  Berry? 
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At  Center  BluflF  Landing,  9  miles  above  Greenville,  fairly  typical 
laminated  materials  were  observed  rising  about  2^  feet  above  water 
level. 

The  greatest  thickaess  of  Black  Creek  beds  occurring  in  one  ex- 
posure on  Tar  Eiver  is  at  Blue  Banks  Landing.  (See  Plate  IX,  B, 
opposite  p.  209.)     The  section  is  described  as  follows: 

SECTION  AT  BLUE  BANKS  LANDING,  7  MILES  ABOVE  GREEX VILLE,  RIGHT  BANK. 

Pleistocene  (Wicomico  formation) :  Feet. 

Very  coarse,  light  yellowish  to  white,  arlcoslc  sand 8 

(Unconformity.) 
Miocene: 

Sand  and  clay  layers 20-25 

(Unconformity.) 

Cretaceous  (Blacli  Greelc  formation)  : 

Darlc  green,  glauconitic,  finely  micaceous,  argillaceous  sand 4-9 

Stratified,  dark  green  to  black,  finely  micaceous,  arenaceous  clay, 
containing  some  finely  comminuted  vegetable  matter. 4.5 

Dark  green,  glauconitic,  finely  micaceous  and  arenaceous,  calcare- 
ous clay,  containing  fossils G 

Dark  green,  finely  micaceous,  argillaceous  glauconitic,  calcareous 
sand,  containing  fossils   4 

The  following  fossils  were  obtained  from  the  fossiliferous  portion 
of  the  above  section: 

U.  S.  G.  S.  LOCALITY  Nos.  4144  AND  6347— BLUE  BANKS  LANDING,  TAR  RIVER. 

N.  C,  7  MILES  ABOVE  GREENVILLE.  N.  C. 

Bryozoa,  encrusting.  Cymella  hella  Conrad. 

Serpula  cretacea  (Conrad).  Veniella  conradi  (Morton). 

Hamulus  major  Gabb.  Crassitellites  carolinensis  Conrad. 

Hamulus  squamosus  Gabb.  Lucina  glehula  Conrad. 

yucula  n.  sp.  (aflf.  N.  percrassa  Cardium  eufaulense  Conrad. 

Conrad).  Cardium  sp.  indet. 

Leda  (probably  n.  sp.)    (o).  Isocardia  n.  sp. 

Leda  (probably  n.  sp.)    (&).  Cvprimcria  depressa  Conrad. 

CucuUaea  carolinensis  Gabb.  Aphrodinuf 

Nemx)don  eufalensis  Conrad.  Legumen  planulatum  (Conrad). 

Nemodon  hrevifrons  Conrad.  Cymhophora  lintea  (Conrad). 
Trigonoarca  (Breviarca)  umhonata         Corhula  crassipHca  Gabb. 

Conrad.  Corhula  carolinensis  Conrad. 

Inoceramus  proximus  Tourney?  Corhula  sp.  indet. 

Gervillia  ensiformis  Conrad?  Pholas  cf.  P.  cithara  Morton. 

Ostrea  n.  sp.  Gyrodes,  sp.  indet. 

Oryphaea  sp.  Anchura  n.  sp.  (the  same  as  at 
Exogyra  ponderosa  Roemer.  Snow  Hill). 

Trigonia  eufalensis  Gabb.  Baculites  sp.  indet. 

Pecten  simplicius  Conrad.  Placenticeras  placenta  De  Kay. 

Pecten  n.  sp.  Undetermined  peleoypods  and  gas- 
Lima  oxypleura  (Conrad)  ?  tropods. 

Lima  reticulata  Forbes?  Lamna  texana  Roemer. 
Anomia  n.  sp.  (same  as  at  Snow  Hill). 
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Of  the  35  or  more  determinable  species  enumerated  in  the  above  list, 
at  least  25  are  identical  with  species  present  at  the  Snow  Hill  locality. 
The  evidence  seems  to  be  reasonably  conclusive  that  the  Snow  Hill  and 
Blue  Banks  Landing  horizons  are  approximately  synchronous. 

About  one-fourth  mile  below  Blue  Banks  Landing  a  dark-green  clay 
which  contained  a  few  fossils  of  the  Black  Creek  formation  was  ob- 
served exposed  to  a  height  of  6  feet  above  water  level. 

A  poor  exposure  of  dark-green  sand  was  obser\^ed  at  Randolph  Land- 
ing 6  miles  above  Greenville,  and  this  was  the  last  place  at  which  the 
Black  Creek  beds  were  seen  in  descending  the  river. 

South  of  Cape  Fear  Eiver  there  are  but  few  exposures  of  Black  Creek 
materials  within  the  limits  of  the  State.  The  lack  of  natural  exposures 
is  due  to  the  fact  that  the  stream  incisions  are  shallow,  and  conse- 
quently the  valley  slopes  are  gentle  and  covered  with  vegetation. 

The  descriptions  given  by  well  owners  and  drillers  of  the  materials 
penetrated  in  various  borings  in  western  Bladen  and  the  southeastern 
half  of  Robeson  counties  furnish  evidence,  however,  of  the  widespread 
occurrence  of  the  Black  Creek  formation  at  shallow  depths  beneath 
the  surface  in  these  areas. 

The  buried  coastward  extension  of  the  Black  Creek  formation  has 
been  recognized  in  two  deep  well  borings.  The  first  of  these  is  at  the 
Clarendon  Waterworks  plant  at  Wilmington,  where  the  thickness 
amounts  to  389  feet,  extending  from  a  depth  of  720  feet  to  granite  at 
1,109  feet  below  the  surface.  The  correlation  is  based  upon  the  occur- 
rence of  Ostrea  cretacea  Morton  at  several  horizons  between  the  top  and 
bottom  of  the  strata  indicated  (see  well  section,  p.  163).  The  second  well 
is  at  Fort  Caswell,  near  the  mouth  of  Cape  Fear  River  (p.  169),  where  a 
thickness  of  400  feet  of  supposed  Black  Creek  beds  makes  up  the  section 
from  a  depth  of  1,140  feet  to  basement  rocks  at  1,540  feet  below  the 
surface.  This  correlation  is  based  partly  upon  the  occurrence  of  Ostrea 
cretacea  Morton,  which  was  found  at  two  horizons,  namely,  1,200-1,237 
feet,  and  1,365-1,380  feet,  respectively.  The  strata  not  included  be- 
tween these  horizons  are  largely  of  marine  origin,  and  it  seems  best  to 
tentatively  regard  them  as  belonging  to  the  Black  Creek  formation. 

The  equivalency  of  the  Black  Creek  formation  as  described  by  Earle 
Sloan  in  South  Carolina  with  the  "Bladen"  formation  has  been  proven 
by  the  discovery  of  the  characteristic  "Bladen"  species  AraxicaHa  bla- 
denensis  in  typical  laminated  materials  at  a  locality  3  or  4  miles  north 
of  Florence,  Florence  County,  a  few  hundred  yards  above  the  mouth  of 
a  small  branch  of  Black  Creek. 
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PEBDSB  SAND. 


Name. — The  name  Peedee  was  proposed  by  Edmund  Kuffin^  in  1843. 
It  is  derived  from  Great  Peedee  Eiver,  which  crosses  the  eastern  part 
of  South  Carolina  from  northwest  to  southeast.  The  terrane  described 
by  Euffin  under  this  name  is  essentially  the  same  as  that  for  which 
Earie  Sloan^  employed  the  name  "Burches  Ferry  marls"  in  1907.  The 
exposure  at  Burches  Ferry  on  Great  Peedee  River,  which  is  Sloan's 
type  section,  is  mentioned  by  RuflBn  as  one  of  the  typical  occurrences  of 
the  Peedee  "bed."  Ruffin's  name,  therefore,  has  priority  over  Sloan's. 
Both  the  lithologic  and  paleontologic  character  of  this  terrane  are  such 
as  to  indicate  its  equivalency  with  the  division  in  North  Carolina  which 
the  writer^  in  1907  designated  the  '^Ripley"  formation. 

The  latter  term  is  inappropriate,  however,  for,  as  the  result  of  recent 
investigations,  it  has  been  found  that  the  Peedee  is  the  equivalent  of 
only  the  upper  part  of  the  Ripley  formation  of  Alabama,  the  equiva- 
lent of  the  lower  part  of  that  formation  being  included  in  the  Black 
Creek  ("Bladen")  formation  of  this  report. 

Definition, — Exposures  of  the  strata  of  this  formation  occur  in  a 
belt  to  the  east  and  southeast  of  that  of  the  Black  Creek  formation. 
As  in  the  case  of  the  Black  Creek  formation,  the  widest  part  of  the 
belt  is  in  the  southern  counties  in  the  Cape  Fear  River  region,  where  it 
reaches  or  perhaps  exceeds  37  miles.  To  the  north  of  Cape  Fear  River 
it  extends  in  a  north-northeasterly  direction,  the  most  northerly  known 
occurrence  being  at  Greenville  in  Pitt  County.  To  the  south  of  Cape 
Fear  River  it  extends  into  South  Carolina  in  a  southwesterly  direction 
with  approximately  the  same  width  as  in  the  Cape  Fear  River  region, 
to  and  beyond  Great  Peedee  River,  where  it  disappears  beneath  the 
overlapping  Eocene  beds  of  the  Charleston  basis.  (See  geological  map, 
Plate  XVII,  in  pocket.) 

The  counties  in  which  outcrops  have  been  observed  are  as  follows: 
Pitt,  Greene,  Lenoir,  Duplin,  Pender,  Bladen,  New  Hanover,  Colum- 
bus, and  Brunswick. 

The  Peedee  ("Burches  Ferry'')  sand  rests  with  conformable  relations 
upon  the  Black  Creek  ("Bladen")  formation.  The  relation  of  its  upper 
surface  to  overlying  Tertiary  and  Quaternary  deposits  is  everywhere 
one  of  unconformity. 


^Report  of  the  Commenc^nent  and  Progress  of  the  Agricultural  Survey  of  South  Caro- 
lina, Columbia,  S.  C,  1843  (esp.  pp.  7,  24-27). 

'Handbook  of  South  Carolina,  issued  by  the  State  Department  of  Agriculture,  Commerce 
and  Immigration,  1907,  chapter  5,  pp.  77-145. 

'Johns  Hopkins  University  Circular,  No.  7  (whole  No.  199),  1907,  pp.  93-99. 
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In  the  vicinity  of  Wilmington  and  northeastward  at  least  as  far  as 
Neuse  River,  Eocene  strata  have  been  shown  to  occupy  more  or  less  dis- 
connected basin-like  depressions  in  the  undulating  Cretaceous  surface. 
To  the  eastward  of  this  portion  of  the  belt  the  Eocene  thickens  and 
probably  forms  a  continuous  sheet,  as  shown  by  well  records.  Beneath 
this  sheet  the  Peedee  beds  pass  coastward,  becoming  deeper  and  deeper 
beneath  the  surface  for  an  unknown  distance.  From  the  South  Caro- 
lina line  northeastward  to  Neuse  River,  thin,  more  or  less  discontinuous 
sheets  of  Miocene  and  Pliocene  deposits  occur  resting  unconformably 
upon  the  Peedee  formation,  except  where  the  above-mentioned  Eocene 
strata  intervene.  In  Greene  and  Pitt  counties  Miocene  beds  probably 
intervene  continuously  between  the  Peedee  surface  and  the  overlying 
Pleistocene  deposits.  Throughout  the  belt  of  outcrop  of  the  Peedee 
formation  wherever  the  above-mentioned  Tertiary  strata  are  absent  the 
Peedee  beds  are  overlain  by  thin,  surficial  Pleistocene  deposits. 

The  great  mass  of  the  materials  of  the  Peedee  formation  consist  of 
dark-green  or  gray,  finely  micaceous,  more  or  less  glauconitic  and  argil- 
laceous sands,  many  layers  of  which  are  calcareous  and  some  of  which 
are  sufficiently  calcareous  to  form  an  impure  limestone.  Irregular  con- 
cretionary masses  of  impure  calcium  carbonate  occur  in  places.  These 
are  either  scattered  irregularly  through  the  sands,  or  are  arranged  in 
layers  parallel  to  the  bedding,  producing  nodular-like  bands  along  the 
river  bluffs.  Such  concretions  have  been  observed  as  large  as  4  or  5 
feet  in  their  longest  diameter.  Dark  marine  clays  are  present  to  some 
extent  interstratified  with  the  sand  beds.  The  materials  as  a  whole  are 
quite  compact.  Fossils,  principally  invertebrates,  occur  either  scat- 
tered irregularly  through  the  deposits  or  arranged  in  layers  1  to  3  or 
more  feet  in  thickness.  Where  the  lime  carbonate  of  the  shells  remain, 
as  is  commonly  the  case,  the  materials  may  be  classed  as  shell  marl. 
The  content  of  glauconite  in  the  greensands  of  Xorth  Carolina  appears 
to  be  less  than  that  of  the  greensand  marls  of  N^ew  Jersey.  A  number 
of  analyses  of  the  greensands  are  given  by  Ebenezer  Emmons  in  his 
report  of  the  North  Carolina  Geological  Survey,  1858,  entitled  "Agri- 
culture of  the  Eastern  Counties,"  pp.  89-100. 

The  strike  of  the  formation  may  be  assumed  to  be  approximately 
parallel  to  the  direction  of  the  belt  of  outcrop.  To  the  north  of  Cape 
Fear  River  this  direction  is  north-northeast  and  south-southwest.  In 
the  region  of  Caj)e  Fear  River  it  swings  around  northeast-southwest 
and  extends  into  South  Carolina  in  that  direction. 

The  Peedee  beds  have  a  gentle  southeastward  dip,  the  amount  of 
which  can  be  determined  only  approximately.     Calculations  based  upon 
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surface  observations  along  Cape  Fear  River  and  upon  data  obtained 
from  the  deep  well  borings  at  Wilmington  and  Fort  Caswell,  give  re- 
sults pointing  to  a  dip  of  between  20  and  25  feet  to  the  mile. 

The  greatest  known  thickness  of  the  formation  in  North  Carolina  is 
that  presented  by  the  section  of  the  Fort  Caswell  well  (p.  169).  The 
base  of  the  Eocene  is  at  254  feet  and  the  lowest  occurrence  of  character- 
istic Peedee  fossils  is  at  1,140  feet,  making  a  thickness  of  886  feet  of 
undoubted  Peedee  beds.  In  the  deep  well  at  Wilmingfon  the  Peedee 
beds  were  penetrated  from  the  surface  to  a  depth  of  720  feet  (p.  163). 

That  a  comparable  thickness  of  Peedee  beds  would  probably  be  en- 
countered in  wells  sunk  near  the  coast  elsewhere  in  Xorth  Carolina  is 
indicated  by  records  of  wells  at  Charleston,  S.  C,  and  at  Norfolk,  Va. 
At  the  former  place  marine  Cretaceous  strata  were  recognized  from  a 
depth  of  about  600  feet  to  1,980  feet,  and  at  the  latter  from  715  to 
1,320  feet.  It  is  probable  that  in  each  case  the  greater  part  of  the  Cre- 
taceous strata  penetrated  should  be  referred  to  the  Peedee  sand. 

The  formation  is  quite  generally  fossiliferous.  Marine  invertebrates 
constitute  the  bulk  of  the  contained  fossil  remains.  Among  vertebrates, 
however,  sharks'  teeth  are  not  unconnnon,  and  fragments  of  bones  occur 
at  rare  intervals.  The  invertebrates  occur  either  scattered  irregularly 
through  the  deposits  or  aggregated  in  layers.  In  places  the  shells  have 
been  preserved,  but  elsewhere  the  shell  material  has  been  dissolved 
away,  leaving  casts  of  impure  lime,  clay,  sand,  pyrite,  or  phosphate. 
Collections  were  made  at  many  ])lacos,  lists  of  which  will  be  found  in 
the  detailed  accounts  of  localities. 

The  table  opposite  shows  the  geographic  di«^tribution  and  range  of  the 
invertebrate  species  of  the  Peedee  formation  in  North  Carolina. 

Detailed  Sections. — The  bluffs  of  Cape  Fear  River  furnish  the  best 
series  of  exposures  of  the  Peedee  formation  in  the  State.  These  occur 
from  Donohue  Creek  Landing,  50i;{  miles  above  Wilmington,  to  near 
the  mouth  of  Black  River.  At  several  places  in  this  distance  the  Peedee 
beds  are  overlain  by  a  few  feet  of  Miocene  or  Pliocene  sand  or  marl, 
but  for  the  greater  part  of  the  distance  a  surficial  Pleistocene  terrace 
covering  rests  directly  upon  the  Cretaceous  surface.  (See  sketch  map 
of  Cape  Fear  River,  Plate  I,  opposite  p.  S8.) 

A  detailed  section  of  the  exposure  at  Donohue  Creek  Landing  is 
given  below. 

SECTION  AT  DONOHUK  CRKKK  LANDTXO.  505  MILES  ABOVK  WILMTNCITON. 

Pleistocene:  Feet. 

Yellow  loam,  grading  down  into  sand  witb  gravel  band  at  base  1 

foot  in  thickness 7 
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;  •','  I  )'>!.'/:.  if-  (jfi-k  Jjuji'.iifz  :o  Macriiolia  Landing,  irliich  is  15^^ 
n  .,'■'  h'/r.o  \\']',f:/.!.'^r-fjHj  th^f  Vf-fth-ff  forn.ation  is  exposed  in  maoT 
',,j:''.  :.-.:.u;  *o  a  i:  uxlif.uTu  hf-luhf  of  40  to  50  feet  above  the  water 
l<'\''.  '\ ,.('  u  :-.**' r]u]'  foi;-]-r  of  foi/.par-t,  dark  pre^-n  or  dark  gray,  fine 
f;. .';,"",  ;-.  I/. ore  or  I* -s  ^laiK-onitic  sand,  as  a  rule  somewhat  argilla- 
W'O'j-  ',.: '\  in  rj.o;,y  p]?i^e-  ca]<^areoii«.  with  occasional  indurated  layers. 
7fe  '".';  f/?j"t  r.aMin'  of  the  l^d-  ren^er^  thr-m  resistant  to  erosion,  so 
♦f;?i*  *i,e  f;ljf!-  are  in  i/jo-t  jJaee^  -teep  and  in  some  places  even  vertical. 
//J  nriiiv  of  the  section*?  a  few  fossils  occur  scattered  irr^ularly 
U.fo'jt'lj  the  d^'po«-it«.  nr.d  an  occasional  fos-iliferous  layer  occurs. 
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Miocene  shell  marl  occurs  resting  directly  upon  the  upper  surface 
of  the  Cretaceous  at  the  following  places :  Robinsons  and  Browns  land- 
ings between  mileposts  50  and  49,  and  Black  Rock  Landing,  milepost 
37.  Pliocene  shell  marl  occupies  a  similar  position  at  Xeills  Eddy 
Landing,  milepost  28,  and  at  Bryants  Landing,  milepost  27. 

Lists  of  fossils  from  various  localities  below  Donohue  Creek  Landing, 
all  of  which  belong  to  the  Peedee  sand,  are  given  below: 

U.  S.   G.   S.    LOCALITY  Xos.  3356  AND  5419— CAPE  FEAR  IlIVER,  N.  C,  ROBINSONS 

LANDING,  491  MILES  ABOVE  WILMINGTON,  N.  C. 

CucuUaea  antroaa  Morton.  TrUjonla  eufalcnsis  Gabb? 

Area?  Anomia  artivntaria  Morton. 

Ostrea  subspatulata  Forbes.  Anomia  Jintva  Tourad. 

Ostrea  sp.  Cardium  sp. 

Ostrea  plumosa  Morton.  Lamna  tcxana  Roeiner. 

Ostrea  larva  Lamarck.  ()to<luJi  appnifUcHlatus  Agassiz. 
Exoijyra  costata  Say. 

U.  S.  G.  S.  IX)CALITY  No.  3353— CAPE  FEAR  RIVER.  N.  C,  KICLLYS  COVE,  46   MILES 

ABOVE  WILMINGTON,  N.  C. 

Ostrea  suhspatulala  Forbes.  Exogyra  costata  var.  canceUata 

Ostrea  sp.  Stepbonsoii, 

Exogyra  costata  Say.  Anomia  arf/cntaria  Morton. 

U.  3.  G.  S.  LOCALITY  No».  3  450.  4157.  5370— CAPE  FEAR  RIVER,  N.  C,  INDIAN 
WELI^  LANDING.  41  MILES  ABOVE  WILMINGTON,  N.  C. 

Ostrea  subspatulata  Forbes.  Gryphaca  vesicularis  Lamarck. 

Ostrea  sp,  Anomia  argent  aria  Morton. 

Ostrea  plumosa  Morton,  Cardium  sp. 

Exogyra  costata  Say.  Otodus  uppendiculatus  Agassiz. 
Exogyra  costata  var.  canceUata 
Stephenson. 

U.  S.  G.  S.   LOCALITY   No.  4154— CAPE    FEAR   RIVER,    N.  C.   DANIELS  LANDING. 

40  MILES  ABOVE  WILMINGTON,  N.  C. 

Ostrea  larva  Lamarck.  Gryphaea  vesicularis  Lamarck. 

Ostrea  plumosa  Morton.  Anomia  argentaria  Morton. 

Exogyra  costata  Say. 

U.  S.  G.  S.  LOCALITY  No.  3448— CAPE  FEAR  RIVER.  N.  C.  KINCJS  BLUFF. 

38J  MILES  ABOVE  WILMINGTON,  N.  C. 

Ostrea  subspatulata  Forbes.  Aphrodinaf 

Exogyra  costata  Say.  Gyrodvs  sp. 

Gryphaea  vesicularis  Lamarck.  TuniteUa  sp. 

U.  S.  G.  S.  LOCALITY  Nos.  3149  AND  5371— <^APE  FEAR  RIVER.  N.  C,  BLACK  ROCK 

LANDING.  37  MILES  ABOVE  WILMINGTON,  N.  C. 

Cucullaea  sp.  Cardium  spillmani  Conrad. 

Exogyra  costata  Say.  Cardium  sp. 

Exogyra  costata  var.  canceUata  Gyrodcfi  sp. 

Stephenson.  RosteUites  sp. 

Oryphaea  vesicularis  La niarck.  .1  n ch  ura  f 

Anomia  argentaria  Morton,  lUJcmnitcUa  amcricana  Morton. 

Crassatellites  sp.  Kcptilian  tooth. 
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V,  3.  G.  s.  LOCALITY  No.  3452— CAPE  FEAR  RIVER.  X.  C.    HLDLERS  LANDING. 

301  1IILE.>  ABO\'E  WTLMIXGTOX.  X.  C. 

O^trea  fub^patulata  Forbes.  Fine  specimen  of  crab,  probably 

Exoffyra  costata  Say.  imdescribed. 

Anomia  arffeniaria  Morton. 

U.  S.  G.  S.  LOCALITY  Xo.  3451— CAFE  FEAR  RI\'ER,  X.  C.  XEILLS  EDDY  LAXDIXG, 

2S  MILES  ABOVE  l*lLMIXGTOX,  X.  C. 

Ostrea  suhspatulata  Forbes. 

'XO  XTMBEFi.;      L<X'A LIT Y— CAPE  FEAR  RIVER,  X.  C.  BRYAXTS  LAXDIXG, 

27  MILES  ABOVE  WILMIXGTOX.  X.  C. 

Ostrea  suhspatulata  Forbes. 

U.  £5.  G.  S.   LOCALITY   Xo.  4155— CAPE    FEAR   RIM=:R.    X.   C,   WAXETS  LAXDIXG. 

25§  MILES  ABOVE  WILMIXGTOX.  X.  C. 

Ostrea  »uhspatulata  Forbes. 

The  l<i?t  exposure  of  Peedee  beds  observed  in  descending  the  river 
was  at  Magnolia  Landing.    The  section  is  as  follows : 

SECTIOX  AT  MAGXOLIA  LANDING.  15*  MILLS  ABOVE  WILMIXCiTOX.  RIGHT  BANK. 

Feet. 
f'lf  iittoff  nr :   <  i)i>*>rly  exfKjs^Ml ) C-T 

/  f'twonformitif.) 

Crctficcouff  <P(!e(ieo  sand)  : 

Ilunl,  fossilifenms.  liuiestoiie  rock l.o 

Dark  blue  to  greenish,   argillaceous  sand,  with   some  limestone 

con<Tetions  1  foot  or  more  in  diainotor 2 

ConceaU'd  to  water's  edge l.y 

A  list  of  the  fossils  from  the  preceding  locality  is  subjoined: 

U.  S.  G.  S.  LOCALITY  Xo.  4151. 

CfiHs'ululuH  sp.  Kxoffifra  costata  Say. 

K<'liiiioid  (a  n-guhir  form).  Gryphaca  rriitcularis  I^marck? 

Mcmhranaporaf  Lima  sp. 

Scrpiila  nrtacea  (Conrad).  Anomia  atf/cntaria  Morton. 

ducuUaca  antrosa  Morton.  Paranomiaf 

Area  sp.  Cardium  spiltmani  Conrad. 

hioreramux  sp.  Canlium  dtimofium  Conrad? 

Ostrea  suhspatuJata  Forbes.  Cardium  sp. 

Ostrea  tecticosta  Gabb.  Aphrodina  sp. 

Ostrea  a]). 

On  Black  Kiver  several  exposures  of  typical  Peedee  materials  have 
b(jen  obsor\'od  between  Goff  Landing,  411/4  miles,  and  Point  Caswell,  36 
miles,  respectively,  above  Wilmington.  (See  sketch  map  of  Black 
River,  Fig.  18,  p.  124.)  These  are  all  low  occurrences,  the  beds  nowhere 
rising  more  than  2  or  3  feet  above  water  level.     The  overlying  materials 
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are  of  Pleistocene  age.  Specimens  of  Exogyra  costata  Say  were  ob- 
tained at  6off  Landing,  and,  near  Sparkleberry  Landing,  39%  miles 
above  Wilmington,  specimens  of  Exogyra  costata  Say  and  Exogyra 
costata  var.  cancellata  Stephensoji  were  obtained. 

The  banks  of  Northeast  Cape  Fear  River  exhibit  the  Peedee  forma- 
tion from  Deep  Bottom  Bridge,  75  miles  above  Wilmington,  where  it  is 
overlain  unconformably  by  supposed  Eocene  beds,  at  numerous  places 
to  a  point  about  44  miles  above  Wilmington,  and  at  Hilton  Park,  Wil- 
mington. After  the  first  exposure  seen  in  descending  the  river  where 
only  a  few  feet  of  Peedee  strata  appear  at  the  base  of  a  40-foot  section 
made  up  principally  of  Eocene  (?)  beds,  the  occurrences  are  all  low,  not 
exceeding  10  or  15  feet,  the  overlying  materials  constituting  Pleistocene 
terrace  deposits.  Between  the  last  point  mentioned  and  Wilmington  the 
Peedee  beds  were  not  observed  above  water  level,  being  transgressed 
for  a  part  if  not  all  the  distance  by  Eocene  deposits.  At  Hilton  Park, 
Wilmington,  however,  the  Cretaceous  again  appears,  overlain  at  this 
particular  place  by  Pleistocene  terrace  deposits.  Beyond  this  point  the 
formation  passes  finally  beneath  the  Eocene,  having  been  detected  only 
in  well  borings  at  points  nearer  the  coast.  (See  sketch  map  of  North- 
east Cape  Pear  River,  Pig.  14,  p.  152.) 

With  one  or  two  exceptions  the  observations  on  Northeast  Cape  Fear 
River  were  made  at  a  time  when  the  water  was  6  or  8  feet  higher  than 
the  normal  stage.  Peedee  beds  were  first  observed  in  descending  the 
stream  near  Deep  Bottom  Bridge,  about  75  miles  above  Wilmington. 
The  river  here  swings  against  a  bluff  25  to  40  feet  in  height,  along 
whose  base  it  continues  for  about  %  of  a  mile  to  a  point  %  mile  below 
Deep  Bottom  Bridge.  The  face  of  the  bluff  is  partially  free  from  vege- 
tation at  several  places,  but  the  best  section  is  at  the  lower  end  of  the 
bluff,  where  it  is  exposed  from  top  to  bottom.  The  section  in  detail  is 
as  follows : 

SECTION  BELOW  DEEP  BOTTOM  BRIDGE.  LEFT  BANK. 
Pleistocene:  Feet. 
Yellowish  loam,  grading  down  Into  light  drab,  sandy  clay,  mot- 
tled with  pink  and  rod 10 

Eocene  f 

Alternating  sand  and  clay  layers  with  a  pebble  band  at  base 29 

(  U  neon  form  ity.) 
Cretaceous  (Peedee  sand)  : 

Dark  green,  coarse,  glauconitic,  micaceous  sand  with  many  small 
white  pebbles  as  large  as  peas,  containing  Pecten  (?),  a  few 
small  sharks'  teeth  and  numerous  individuals  of  Ostrea  suh- 
spatulata  Forbes  In  a  thin  layer  (U.  S.  G.  S.  Loc.  No.  4134). 
This  layer  first  appears  above  the  water's  edge  a  few  rods  above 
where  the  section  was  taken  and  gradually  rises  to  a  height  of 
4  or  5  feet  a  few  rods  below 1 14 
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The  Peedee  greensand  was  seen  only  at  and  near  where  the  section 
was  taken,  the  only  materials  appearing  at  other  portions  of  the  bluff 
belonging  to  the  Tertiary  and  Pleistocene. 

Between  Deep  Bottom  Bridge  and  milepost  62  a  number  of  low  ex- 
posures, not  exceeding  5  feet,  of  Peedee  materials  were  observed,  con- 
sisting of  dark  green,  glauconitic,  micaceous,  more  or  less  argillaceous 
sand,  certain  layers  of  which  were  indurated  to  a  firm  rock.  A  few 
characteristic  fossils  were  collected  at  two  of  these  exposures,  as  fol- 
lows: 

U.  S.  G.  S.  LOCALITY  No.  4131— NORTHEAST   CAPE   VEkR  RIVER.  N.  C.  ABOUT 

67 J  MILES  ABOVE  WILMINGTON,  N.  C.  RIGHT  BANK. 

Exogyra  coatata  Say. 
Oryphaea  vesicularis  Lamarck. 

U.  S.  G.  S.  IXDCALITY  No.  4161— NORTHEAST  CAPE  FEAR  RIVER,  N.  C.  66i  MILES 

ABOVE  WILMINGTON,  N.  C. 

Bryozoa.  IJnia  pelagica  (Morton). 

Exogyra  costata  Say.  Anomia  argent  aria  Morton. 

Oryphaea  vesicularis  Lamarck?  Paranomia  scahra  Morton. 
Pecten  tenuitestus  Gabb. 

At  Johnsons  Cove,  61%  miles  ahove  Wilmington,  the  following  sec- 
tion was  taken: 

SECTION  AT  JOHNSONS  COVE,  RIGHT  BANK. 

Pleistocene:  Fkbt. 

Loose,  light  sand ' 6 

(Unconformity.) 
Cretaceous  (Peedee  sand)  : 

Firmly   indurated,  dark   gray,   calcareous,  glauconitic  sand,   con- 
taining many  fossils 2 

Dark  green,  argillaceous,  micaceous,  rather  coarse  sand,  containing 
a  few  fossils 7 

A  list  of  the  forms  obtained  at  the  above  described  locality  is  given 
below. 

U.  S.  G.  S.  LOCALITY  No.  4133. 

Ostrea  plumosa  Morton.  Pcctcn  sp. 

Ostrea  tecticosta  Gabb.  Lima  reticulata  Forbes. 

Ostrea  larva  Lamarck.  Lima  pelagica  Morton. 

Exogyra  costata  Say.  Turritella  sp. 

Oryphaea  sp.  UolemnitcUa  americana  Morton. 

A  section  was  studied  at  milepost  61,  left  bank,  as  follows : 

SECTION  AT  MILEPOST  61,  LEFT  BANK, 

Pleistocene:  Feet. 

Loose  white  sand 8 

( Unconformity.) 


z' 
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Crrtaeeouft  (Peedee  saiul)  :  Feet. 

Durk    green   glnucoiiitk'   sniid 1 

(Jreenish-gray.  glaiiconitic  and   caleareous  standstone,  containing 

numerous  fossils    IV2 

Dark  greenish-gray,  glauconitic  sand,  containing  a  few  fossils. . .      2 

A  list  of  the  fossils  obtained  is  subjoined: 

U.  S.  G.  S.  LOCALITY  No.  4130. 

Ostrea  suhspaiulata  Forl)es.  Gryphaea  veHcularis  Lamarck. 

Osirea  teciicosta  Gabb.  Lima  reticulata  Forbes. 

Ostrea  plumosa  Morton.  Atiomia  argentaria  Morton. 

Exogyra  costata  Say.  BelomniteUa  americana  Morton. 

At  about  58%  miles  above  Wilmington  a  section  was  examined  as 
follows : 

SliCTION  58 J  MILES  ABOVE  WILMINGTON,  RIGHT  BANK. 
Pleistocene:  Feet. 

Loamy  sand  grading  down  into  argillaceous  sand 9 

(I'ltconformity.j 
Cretaceous  (Peedee  sand)  : 

Dark  greenish-gray,  glauconitic,  micaceous,  slightly  argillaceous 
sand  with  two  indurateil  layers,  one  at  base  and  the  other  a 

few  feet  above  base,  each  1  foot  thick.     Fossiliferous 9 

Light  gray,  soft,  glauconitic,  calcareous  sand  with  an  indurated 
layer  1  foot  at  base  and  another  V2  foot  thick  a  few  feet  above 
baso.     Fossiliferous     9 

Tlie  following  fossils  were  collected  at  this  locality: 

i:.  S.  G.  S.  LOCALITY  Xo.  4149. 

Hryozoa.  Trigouia  thoracica  Morton? 

InoecramuH  sp.  Pecienf 

Ostrea  suhspatulata  Forbes.  Lima  sp. 

Ostrea  teciicosta  Gabb.  Anomia  argentaria  Morton. 

Exogyra  cost  at  a  Say.  Cyrodcs  sp. 

Gryphaea  vcsicularis  Lamarck.      Turrit eUa  trilira  Conrad. 

Trif/onia  eufalensis  Gabb.  lielcnmitella  americana  Morton. 

Jacksons  Hole  is  near  milepost  58.  This  locality  was  visited  in  the 
early  spring  of  1906  w^hen  there  was  a  medium  low  stage  of  water. 
There  was  then  exposed  about  3  feet  of  Peedee  greensand  indurated  at 
tlie  water's  edge  to  a  firm  rock,  while  just  beneath  the  indurated  layer 
and  covered  by  tlie  water  there  was  a  soft  shell  marl.  The  whole  was 
fossiliferous,  and  the  following  forms  were  obtained: 

U.  S.  G.  S.  LOCALITY  No.  4140. 

Kryozoa.  Exogyra  costata  Say. 

■  Ostrea  suhspatnlata  Forbes.  Gryphaea  vcsicularis  Lamarck. 

Ostrea  tecticosta  Gabb.  .l;;omi(i  argentaria  Morton. 

Ostrea  sp,  Belemnitella  americana  Morton. 
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The  Jacksons  Hole  locality  is  probably  not  more  than  a  mile  from  the 
Lewis  Creek  locality  near  South  Washington,  visited  by  Hodge  in  1840 
and  Ifiter  by  Lyell  in  the  early  forties. 

Lewis  Creek  enters  the  Xortheast  Cape  Fear  a  short  distance  above 
Jacksons  Hole.  At  a  point  about  ^^  mile  above  its  mouth,  near  the  site 
of  an  old  water  mill,  a  few  fossils  were  obtained,  all  of  which  were 
found  at  the  Jacksons  Hole  locality,  and  it  is  probable  that  the  two 
localities  represent  exactly  the  same  horizon.  It  is  also  possible  that 
this  is  the  exact  locality  visited  by  Hodge  and  later  by  Lyell.  The 
following  forms  were  obtained : 

U.  S.  G.  S.  LOCALITY  No.  4168. 

Ostrea  suhspatuJaia  Forbes.  Auomia  argentaria  Morton. 

Ostrca  tecticosta  Gabb.  licIcmnitrUa  americana  Morton. 

Exogyra  costaia  Say. 

Continuing  down  the  river,  occasional  low  exposures  of  Peedee  green- 
sand  were  observed  to  a  point  about  44  miles  above  Wilmington.  A 
few  specimens  of  Ostrea  subspaiidata  Forbes  (U.  S.  G.  S.  Loc.  Xo. 
4166)  were  obtained  at  Krooms  Bridge,  milepost  56;  but  otherwise  no 
fossils  were  seen. 

Between  the  occurrence  at  milepost  44  and  Hilton  Park,  Wilmington, 
there  is  no  place  where  Peedee  beds  are  known  to  rise  above  water 
level  in  the  river.  Sections  at  points  41^/4  ^^^  30Vs  miles  above  Wil- 
mington, respectively,  show  only  Eocene  strata.  However,  at  Lanes 
Ferry  (Rocky  Point),  35  miles  above  Wilmington,  and  at  Castle  Hayne, 
materials  which  would  correspond  to  the  Peedee  beds  as  here  defined 
have  been  reported  by  Dr.  Stanton^  in  rock  quarries  at  the  base  of 
Eocene  limestone,  and  it  is  probable  that  at  no  place  in  this  region 
is  the  surface  of  the  formation  more  than  a  few  feet  below  low-water 
level. 

The  lowest  point  on  the  Xortheast  Cape  Fear  at  Avhich  the  Peedee 
beds  have  been  observed  in  surface  exposures  is  at  Hilton  Park  at  the 
northern  edge  of  the  city  of  Wilmington,  ^ew  Hanover  County.  The 
following  section  was  made  a  few  rods  below  the  pump  station  of  the 
Clarendon  Waterworks  Company: 

SECTION  AT  HILTON  PARK.  WILMINGTON.  N.  C. 

Pleistocene:  Feet. 
Coarse,  light  gray  to  yeUowish,  loose,  somewhat  lonniy  snnd  soil.,      l^j 

Yellowish-brown,   mediuin-praiiiert   sand 4 

Concealed   5 

(Unconformity.) 
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Cretaceous: 

Peodee  sand   (?):  Feet. 

Fine  grained,  light  gray  to  white,  almost  pure  sand,  slightly  argil- 
laceous in  places,  more  compact  than  the  Pleistocene  above,  and 
delicately  mottled  with  chocolate  tints  and  in  places  with  light 
yellow.    Probably   a   leached-out   phase   of  marine   Cretaceous 

materials S 

l*oedee  sand : 

Darlv  groon.  compact,  finely  micacet>us,  glauconitic  clay 2 

Dark  green,  very  compact,  glauconitic,  very  calcareous,  arena ceousr 
slightly  micaceous  clay,  indurated  in  places  with  lime  cement  to 
hard  rock  layers  or  concretions ;  contains  characteristic  fossils ; 
partially  concealed  by  high  tide 4-5 

The  lowest  Cretaceous  layer  in  the  section  appears  interruptedly  for 
several  hundred  yards  along  the  left  hank  of  the  river  helow  the  pump 
station.     The  following  forms  were  ohtained: 

U.  S.  G.  S.  LOCALITY  No.  4143. 

Hemiaster  sp.  Pccten  simplicius  Conrad. 

Bryozoa.  Lima  sp. 

SerpuJa  sp.  Anomia  argent  aria  Morton. 

CucuUaea  sp.  CrassatcUitesf 

Perna  sp.  I'anopca  dccisa  Say. 

Exogyra  costata.  Say.  XuutiluH  dclatyi  Morton. 

Exposures  of  Peedee  heds  occur  interruptedly  on  !^^euse  River  from 
near  Williams  Landing,  52  miles  ahove  New  Bern,  to  within  a  few 
miles  of  the  mouth  of  Confentnea  Creek.  With  the  exception  of  two 
occurrences  of  Eocene  strata  which  are  indicated  on  following  pages, 
the  deposits  observed  overlying  the  Peedee  bods  along  this  stream  are 
of  Pleistocene  age.  A  detailed  account  of  the  N^euse  River  exposures 
is  given  below.     (See  sketch  map  of  Xeuse  River,  Fig.  4,  p.  96.) 

Two  miles  above  the  steamboat  landing  at  Kinston  (51%  miles  above 
New  Bern),  near  Williams  Landing,  a  dark  green,  argillaceous  green- 
sand  of  the  Peedee  formation  forms  a  bluflF  12  or  15  feet  in  height  along 
the  left  bank,  and  this  overlain  by  several  feet  of  Pleistocene  material. 
The  following  species,  several  of  which  are  characteristic  of  the  Peedee 
sand,  were  collected,  occurring  mostly  in  a  layer  near  the  base: 

U.  S.  G.  S.  LOCALITY  No.  4152. 

Ostrca  suhspaiulaia  Forbes.  (ir\tphaea  vesicular  is  Lamarck. 

Ostrea  larva  I^amarclv.  Lima  reticulata  Forbes. 

Ostrca  plumosa  Morton.  Anomia  argentaria  Morton. 
Ejoggra  sp. 
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Below  the  steamboat  landing  at  Kinston,  Peedee  greensand  rises  sev- 
eral feet  above  the  water  on  the  left  bank,  and  at  the  next  bend  below 
similar  materials  may  be  seen  at  low  water  for  some  distance  along  the 
right  bank. 

From  the  wagon  bridge  above  milepost  48  to  the  Norfolk  Southern 
Railroad  bridge  below  milepost  47  there  are  almost  continuous  ex- 
posures of  compact  greensand  along  the  right  banks  of  the  stream, 
rising  in  places  8  or  10  feet  above  the  water,  the  undulating  surface 
being  eveiywhere  overlain  by  a  surficial  covering  of  Pleistocene  terrace 
deposits.  At  the  latter  bridge  Exogyra  costaia  Say  and  Anomia  were 
collected.     (TJ.  S.  G.  S.  Locality  No.  4132.) 

A  low  exposure  of  greensand  was  seen  at  46^  miles  above  New  Bern. 
At  44%  miles  an  exposed  thickness  of  7  or  8  feet  of  Peedee  greensand 
is  overlain  by  2  feet  of  shaly  clay  with  a  pebble  band  at  base  probably 
of  Eocene  age. 

The  last  exposure  of  marine  Cretaceous  observed  in  descending  the 
river  was  at  a  ferry  34%  miles  above  New  Bern,  or  3^/^  miles  above  the 
mouth  of  Contentnea  Creek.  The  strata  are  not  well  revealed,  the 
examination  being  made  in  the  ditch  along  the  side  of  the  road  leading 
down  to  the  ferry.    The  section  obtained  is  as  follows : 

SECTION  AT  FKHRY  341  MILES  ABOVK  NEW  BERN,  UK5I1T  BANK. 

Pleistocene:  Feet. 

Sand  find  loam  poorly  exposed 15 

Eocene: 

Thin-bedded  shale  with  conglomerate  band  at  base 7 

(Incotiformity.) 
Cretaceous  (Peedee  sand)  : 

Dark  green,  very  compact^  arenaceous,  fflanconitic,  micaceous  clay, 

containing  numerous  shells  and  casts 11 

Concealed  to  water's  edge 3 

The  fossils  listed  below  were  collected  from  the  greensand. 

V.  S.  G.  S.  LOCALITY  Nos.  4169  AND  4137. 

Hemiaster  sp.  Exogyra  costaia  Say. 

Bryozoa.  Pecten  simplicius  Conrad. 

Serpula  sp.  Lima  sp. 

Nucula  sp.  Anomia  argentaria  Morton. 

Cucullaea  sp.  TurriteUa  vertehroides  Morton. 

Ostrea  tecticosta  Gabb.  Belcmnitclla  americana  Morton. 

Ostrea  plumosa  Morton.  Crab  claws. 

That  a  very  marked  unconformity  exists  between  the  Cretaceous  and 
Eocene  is  shown  by  the  fact  that  a  few  rods  below  w^here  the  section 
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One  mile  above  Edwards  Bridge  (which  is  just  on  the  western  edge 
of  the  Ayden  quadrangle)  the  Peedee  strata  show  a  slight  variation 
from  the  usual  lithologic  character.    The  section  is  as  follows : 

SECTION  1  MILE  ABOVE  EDWARDS  BRIDGE,  LEFT  BANK. 
Pleistocetie:  Feet. 

Jjoam  and  sand  with  thin  gravel  band  at  base,  rusty  brown  In 

lower  2   feet 6 

(Unconformity.  J 
Cretaceous  (Peedee  sand)  : 

CJoarse,  very  green,  very  glauconitic  sand  with  a  mealy  texture, 
containing  the  highest  percentage  of  glauconite  of  any  of  the 

greensands  observed  in  the  State 4 

Layer  of  concretions  of  all  sizes  up  to  several  inches  in  tliaineier. 

consisting  of  greensand  cemented  with  lime 1 

Dark  brownish,  argillaceous,  glauconitic  sand 3 

Between  here  and  Edwards  Bridge  the  greensand  appears  in  several 
low  exposures.  Below  Edwards  Bridge  nothing  was  seen  until  mile- 
post  7  was  reached,  between  which  point  and  Grifton  the  greensands 
and  clays  of  the  Peedee  appear  at  a  number  of  places  rising  not  more 
than  6  or  7  feet  above  the  water. 

At  milepost  6,  left  bank,  l^/^j  miles  above  Grifton,  Ostrea  subspahdata 
Forbes  and  Exogyra  .costata  Say  were  collected  from  upper  Peedee 
beds.     (U.  S.  G.  S.  Locality  Xo.  4153.) 

The  most  northerly  occurrence  of  the  Peedee  formation  is  at  Green- 
ville, in  Pitt  County.  Although  no  surface  exposures  have  been  seen 
by  those  who  have  recently  worked  in  that  vicinity,  the  existence  of  the 
beds  there  are  known  from  an  account  given  by  Conrad  in  1871.^  ITe 
describes  the  occurrence  of  the  characteristic  fossil  Belemnitella  ameri- 
cana  Morton  in  Cretaceous  sand  fn  the  bottom  of  a  marl  pit  beneath 
a  Miocene  shell  bed.  From  this  account  it  is  reasonably  certain  that  in 
places  at  least  in  the  vicinity  the  Peedee  beds  are  present  at  no  great 
depth  beneath  the  surface. 

South  of  Cape  Fear  River  valley  the  only  surface  occurrence  of 
Peedee  strata  known  within  the  State  is  on  the  north  shore  of  "Wacca- 
maw  Lake  in  Columbus  County.  To  the  east  of  the  pumping  station 
6i  the  Atlantic  Coast  Line  Railroad  a  low  bluff  is  formed  bv  the  out- 
crop  of  an  indurated  layer  of  Miocene  shell  marl  or  limestone.  The 
base  of  the  Miocene  is  revealed  at  one  place  only,  which  is  at  the  west 
end  of  the  bluff  near  the  pumping  station.  Immediately  beneath  the 
indurated  layer  there  is  a  loose  conglomerate  consisting  of  rounded 
pebbles  and  irregular  nodules  of  phosphate,  internal  phosphate  casts  of 

Araer.  Jour.  Sci.,  3d  sen,  vol.  1.  pp.  468-469,  1871. 
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gastropods  and  pelecypods,  shells  of  Exogyra  and  guards  of  Belemni- 
tella,  all  in  a  matrix  of  yellowish  brown,  calcareous  sand.  The  shore 
near-by  is  strewn  with  casts,  phosphate  nodules,  etc.,  which  appear  to 
have  been  washed  from  this  conglomerate.  The  following  forms  were 
collected  in  place  in  the  conglomerate.:  Belemmtella  americana  Morton, 
and  undetermined  casts  of  pelecypods  and  gastropods.  (TJ.  S.  G.  S.  Lo- 
cality No.  4051.)  In  addition,  a  number  of  forms  which  had  been 
washed  from  this  conglomerate  were  picked  up  loose  on  the  shore,  as 
follows : 

U.  S.  G.  S.  LOCALITY  No.  4146. 

Cucullaea  antrosa  Morton.  Cardium  sp. 

Cucullaea  sp.  Cyprimeria  sp. 

Exogyra  costata  Say.  Oyrodes  sp. 

Oryphaea  vesicularis  Lamarck.  Rostellites  sp. 

Anomia  argent  aria  Morton.  BeJemnitella  americana  Morton. 

Veniella  sp.  Fish  vertebra. 

Crassatcllites  sp. 

The  deposit  is  a  basal  conglomerate  of  the  Miocene,  the  fossils  being 
derived  from  the  underlying  Cretaceous.  Beneath  the  conglomerate 
there  is  exposed  at  low  water  2  or  3  feet  of  compact,  dark  gray,  calca- 
reous and  micaceous  sand,  referable  to  the  Peedee  formation.  This 
sand  is  exposed  along  the  shore  for  a  few  rods  only. 

Sets  of  well  samples  have  been  examined  from  a  number  of  wells  in 
the  southeastern  part  of  the  State  in  which  Peedee  beds  were  pene- 
trated, and  from  these  the  sections  given  on  the  following  pages  have 
been  prepared.  The  figures  to  the  left  in  the  sections  indicate  sample 
numbers. 

Section  of  well  at  Bolton,  Columbus  County,  N".  C,  owned  by  the 
Waccamaw  Land  and  Lumber  Company,  and  drilled  in  1906  by  Lowry 
and  Faulkner,  prepared  from  samples  furnished  by  Mr.  John  D.  Lowry. 

•  Thick  Ni:ss 

Pleistocene:  ,j,.  f^et. 

1.  Missing 1-  10 

2.  Pale  yellowish,  very  sandy  clay 10-30 

3.  Yellow,  coarse,  very  argillaceous  sand 30-40 

Miocene: 

4.  Light  gray,  calcareous  sand  with  numerous  shells 40-50 

Cretaecous  (Peedee  sand)  : 

i).     Gray,  very  calcaroous,  arenaceous  clay 50-70 

G.     Same  as  No.  5 70-90 

7.     Similar  to  Nos.  5  and  6,  but  a  shade  darker 90-110 

5.  Greenish-gray,  very  calcareous,  arenaceous  clay 110-130 

{).     Similar  to  No.  8,  but  a  shade  lighter .* 330-140 
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Thickness 
IN  Feet. 

10.  Gray,  very  calcareous,  arenaceous  clay,  with  a  tinge  of 

yellow   140-150 

11.  Greenish-gray,  very  calcareous,  arenaceous  clay  and  pieces 

of  hard,  j?ray,  calcareous  saiidstiiiio 150-160 

12.  Gray,  very  calcareous,  argillaceous  clay 160-180 

13.  Greenish-gray,  calcareous,  argillaceous  sand 180-200 

14.  Glean,  loose,   fine-grained,  glauconitic,  micaceous,  slightly 

calcareous  sand 200-220 

At  Newberlin  the  Peedee  formation  was  encountered  at  a  depth  of 
40  feet,  as  shown  by  the  following  section,  which  was  prepared  from 
samples  furnished  by  the  owner: 

SECTION  OF  WELL  AT  NEWBERLIN.  N.  C,  FARM  No.  24,  OWNED  BY  THE 

CAROLINA  TRUCKING  DEVELOPMENT  COMPANY.  Thickness 

Pleistocene:                                                          '  in  febt. 

1.  Red,  sandy  clay 0-  10 

2.  Buff,  coarse,  argillaceous  sand 10-20 

3.  Coarse,  yellow  sand 20-  30 

Miocene t  (Pliocene?)  : 

4.  Coarse  sand  and  gravel  with  numerous  fragments  of  shells.       30-  40 

Cretaceoua  (Peedee  sand)  : 

5-22.  Dark  gray  clay,  more  or  less  sandy  and  finely  micaceous 
in  the  dlfiTerent  samples.  In  samples  17  and  19  there 
are  concretions  of  iron  pyrites  and  in  sample  No.  19  a 

phosphate  nodule  40-220 

(There  is  no  sample  rej)res€Dting  materials  from  220  to  232  feet.) 

23A.    Gray,  calcareous  sandstone 232-234 

23B.    Loose,  fine-grained,  very  glauconitic  sand,  water-bearing.    234-236 
24.       Coarse,  rather  clean  sand  with  small  fragments  of  shells.    236-238 

Section  of  well  at  St.  Helena,  2%  miles  south  of  Burgaw,  Pender 
County,  N.  C.  (Italian  colony  near  A.  C.  L.  Railroad),  from  samples 
furnished  by  the  Carolina  Trucking  Development  Company,  Wilming- 
ton, K  C. 

Thickness 
Pleistocene:  in  feet. 

1.    Gray  clay   0-  10 

Miocene: 

2-6.     Shell  marl  and  gray  or  greenish-gray,  fossil  if  erous  sand ...       10-60 

Cretaceous  (Peedee  sand)  : 

7.  Dark  gray,  finely  micaceous,  glauconitic  sand  and  sandy 

clay,  apparently  laminated 00-70 

8.  Fine,  loose,  light  gray,  micaceous,  glauconitic  sand 70-80 

9.  Same  as  preceding,  but  darker  gray 80-90 

10.    Dark  gray,  slightly  argil iaceous,  finely  micaceous,  glauco- 
nitic sand  90-100 

11 
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Thickness 
IN  Feet. 

11.    Light  gray,  fine,  loose  sand 100-110 

12-13.    Light  gray,  very  coarse,  loose  sand  with  small  pieces  of  gray 

sand  rock,  and  many  small  water- worn  fragments  of 

sharks'    teeth,    plates,    etc , 110-130 

14-18.    Fine,  loose,  light  gray,  micaceous  sand 130-180 

19.  Very  coarse,  gray,  slightly  argillaceous,  calcareous  sand 180-190 

20.  Marl,  consisting  of  coarse,  gray,  slightly  argillaceous  sand, 

and  containing  Oftirca  larva  Lamarck,  Paranomia  soahra 
(Morton),  pelecypod  fragments,  mainly  Oatrca,  sharks' 
tooth,  sp.  indet,  etc 190-200 

21.  Sandy,  argillaceous  marl  with  one  large  chunk  of  gray,  cal- 

careous clay.  The  marl  contains  a  large  amount  of  frag- 
mentary shell  material,  including  Exogyra  costata  Say, 
Ontrca,  etc 200-210 

22.  Marl,  similar  to  preceding,  containing  Exogyra  costata  Say.    210-220 

Section  of  well  near   Castle  Hayne,  owned  by  Carolina   Trucking 
Development  Company,  from  samples  furnished  by  the  company. 

Pleistocene:  t^ckness 

1.  Sample  missing.  in  Feet. 

Eocene: 

2.  Coarse  yellow  sand  and  gravel  and  fragments  of  gray  sand- 

stone            at  26 

( Correlation  uncertain ) . 

3.  Light   yellow,   fine-grained,   calcareous,   slightly   micaceous 

sand   (probably  ground  rock)   and  pieces  of  hard,  gray, 

onl(  areous  sandstone at  33 

Cretaceous  (Pei-dee  sand)  : 

4.  Pieces  of  hard,  gray,   calcareous  sandstone,   clear  quartz 

sand,  and  small  pebbles  of  (piartz  and  i)hosphate at  43-10  in. 

n.     Missing. 

0.     Gray,  fine-grained,  calcareous,  slightly  micaceous  sand 83-  98 

7.    Dark  gray,  fine-grained,  calcareous,  micaceous  sand,  with 

thin  finkes  of  still  darker  cnlcareous  day 98-112 

8-9.     Dark  gray,  fine-grained,  calcareous,  micaceous,  argillaceous, 

sligbtly  glauconitic  sand 112-132 

10.     Dark  gray,  finely  arenaceous,  calcareous  clay 132-142 

11-13.     Similar  to  No.  10,  but  sand  content  slightly  coarser  and 

slightly  glauconitic 142-182 

14-20.  Dark  gray,  tine-gniined,  calcareous,  micaceous,  slightly  glau- 
conitic and  slightly  argillaceous  sand 182-285 

21-23.  Dark  gray  (darker  than  preceding),  medium  fine  grained, 
calcareous,  micaceous,  slightly  glauconitic,  slightly  argil- 
laceous sand 285-315 

24-28.  Clear,  loose,  mediuni-grainiHl,  micaceous  sand,  a  few  shell 
fragments  in  No.  24,  and  a  small  undetermine<l  oyster  in 
No.  25 315-365 


I 

I 


UPPEB   CRETACEOUS.  163 

Section  of  well  at  plant  of  Clarendon  Waterworks  Company,  Hilton 
Park,  Wilmington,  N.  C,  in  part  from  samples  on  exhibition  in  glass 
cases  at  the  State  Museum,  Raleigh,  N.  C,  where  they  were  examined 
and  described  by  the  writer,  and  in  part  from  the  drillers'  records.  The 
fossils  were  determined  by  Dr.  T.  W.  Stanton : 

Cretaceotts:  « 

Thickness 

Peedee  sand :  in  Febt. 

1.    Gray,  coarse  sand 0-    10 

2-3.    Yellowish-brown,  argillaceous  sand 10-    30 

4.  Hard,  gray,  calcareous  sandstone  rock  containing  shell 

impressions    30-    40 

5.  Pale  yellow,  calcareous  sand,  with  small  pieces  of  crushed 

sandstone,  containing  Pcctcn  sp.,  Ostrca  sp.,  etc.. .....     40-    50 

6.  Loose,  gray  sand,  containing  casts  of  Cardium 50-    60 

7.  Hard,  gray,  calcareous  sandstone 60-    70 

8-35.  Gray,  calcareous,  micaceous  sand,  varying  slightly  in  con- 
tent of  lime  and  mica  and  also  in  color  and  coarseness. 
Contains  Echinold  fragments,  Ostrea  larvae  Ostrea  tec- 
ticosta,  Ostrea  sp.,  Gryphaea  vesicularis,  Exogyra  cos- 

tat  a,  Exogyra  sp.,  Anomia  argent  aria,  Cyprimeriq  sp., 
Aphrodina  tippanat,  Cymhophora  lintea,  fragments  of 

other  bivalves,  sharks*  teeth 70-  850 

36-39.    Light  gray,  loose,  calcareous,  micaceous  sand,  containing 

Anomia  argentaria » 350-  890 

40.  Washings,  depth  330  to  421  feet,  consisting  of  broken 

shells  and  hard,  gray,  calcareous  sandstone.  Contains 
indurated  fragments  of  Ostrea  suhspatulata,  Exogyra 
costata,  Baroda  caroHnensis,  Cyprimeria  deprcssa,  sev- 
eral undetermined  mollusks  and  sharks'  teeth. 

41.  Same  as  samples  Nos.  36  to  39.    Contains  Exogyra  cos- 

tattty  Ostrea  sp.,  undescribed  species  of  Avicula  or  Ger- 

vilHa,  Anomia,  etc 390-  400 

42-46.    Fine,  dark  gray,  calcareous,  argillaceous,  slightly  glauco- 

nitlc  sand  400-  450 

47.  Light  gray,  loose,  calcareous  sand,  containing  fragments 

of  Ostrea 460-  460 

48.  Gray,  calcareous,  micaceous,  glauconltic  sand  with  chunks 

of   gray   clay,    containing   fragments   of   Ostrea    and 

sharks'  teeth  400-  470 

49.  Washings,  depth  421-485  feet,  consisting  of  broken  shells, 

sharks'  teeth,  and  gray,  calcareous  sandstone.  Contains 
Ostrea  tecticosta,  Anomia,  lignite,  etc. 
50-52.  Loose,  gray,  glauconitic,  slightly  micaceous  sand,  with 
chimks  of  gray  clay,  containing  lignite,  Ostrea  tecti- 
costa,  Ostrea  sp.,  Exogyra  costata,  Anomia  argentaria, 
Anomia  sp.,  Cardium  sp.,  Corhula  sp.,  sharks'  teeth,  and 

fragments  of  turtle  shells 470-  500 

53.    Washings,  depth  495-500  feet,  consisting  of  hard,  gray, 
calcareous,  fossiliferous  sandstone. 
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THiCKiness 
IN  Febt. 

54.    Fine  gray,  calcareous,  glaucouitlc  sand,  containing  Ostrea 

tecticosta  and  sharks'  teeth 500-  510 

55-58.  Washings,  depth  600-588  feet,  consisting  of  hard,  gray 
«andstone,  lanilnated  gray  clay,  lignite,  shells,  etc. 
Contains  Inooeramua  fragment,  Ostrea  larva,  Ostrea 
tecticosta,  Ostrea  sp.,  Exogyra  costata,  Exogyra  costata 
var.,  Anomia  argentaria,  vertebra  of  fish,  and  sharks* 
teeth. 

59.    Gray,  calcareous,  glanconitic  sand 510-  520 

00.     Loose,  light  gray,  calcareous,  micaceous  sand  with  chunks 

of  gray  clay 520-  530 

Gl-63.  Washings,  depth  618-588,  520-540,  and  600  feet,  respect- 
ively, consisting  of  gray,  calcareous  sandstone,  gray, 
laminated  clay,  iron  sulphide  concretions,  shells,  etc. 
Contains  lignite,  Cassidulus  suhquadratus,  Glycyme- 
ris,  Ostrea  tecticosta,  Exogyra  costata,  Anomia  sp., 
Cardium  eufalense,  Lunatia,  fragments  of  turtle  shells, 
etc. 

64-GG.  Gray,  calcareous,  glanconitic  sand,  argillaceous  in  samples 
Nos.  64  and  66.  Contains  Ostrea  sp.,  Exogyra  costata, 
Lithophagus  sp 530-  560 

67.  Washings,  depth  588-558  feet,  consisting  of  gray,  calca- 

reous sandstone,  laminated  clay,  iron  sulphide  concre- 
tions. Shells,  etc.  Contains  lignite,  Ostrea  tecticosta, 
Exogyra  costata,  Cardium  eufalense,  and  sharks'  teeth. 

68.  Xjoose,  light  gray,  glanconitic  sand 560-  570 

G9-70.    Washings,  depth  560-575  feet,  consisting  of  gray,  fossillf- 

erous  sandstone,  gray,  laminated  clay,  shells,  etc. 
Contains  lignite,  Bryozoa,  Ostrea  tecticosta,  Anomia 
argent  aria,  Cardium,  Pugnellus  densatus, 

71.  Loose,  light  gray,  glanconitic  sand 570-  580 

72.  Wasliings,  depth  575-785  feet,  consisting  of  gray  sand- 

stone, laminated  clay,  shells,  lignite,  etc.  Contains 
rosin,  Inoceramus  cripsii,  Ostrea  tecticosta,  Anomia 
sp..  and  fragments  of  turtle  shell. 

•  73.    Loose.  light  gray,  glauconitic,  micaceous  sand 580-  590 

74-75.    Washings,  depth   585-595   feet,   consisting  of   laminated 

clay,  iron  sulphide  concretions,  etc.    Contains  lignite, 

Ostrea  tecticosta,  Exogyra  costata,  Anomia  sp.,  Luna- 

tia  sp.,  sharks'  teeth,  vertebra  of  fish,  and  fragments 

of  turtle  shell. 

76.  Liplit  j?ray,  loose,  micaceous,  glauconitic  sand 590-  60O 

77.  Wasliiuffs,  depth  595-598  feet,  similar  to  samples  Nos.  74- 


I.). 


Contains  Ostrea  tecticosta,  Exogyra  costata,  Ano- 


mia sp.,  sharks'  teeth. 
7N  so.     Li;,'ht  .Jj:ray,  finely  micaceous,  glauconitic  sand,  argillaceous 
in  some  samples,  varying  in  coarseness,  glauconitic  con- 
tent  and   color.    Contains    Ostrea   tecticosta,   sharks' 
teeth 600-  720 
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Black  Greek  formation :  ik  febt. 
90.    Light  gray,  very  calcareous,  slightly  glauconitic  sand,  pos- 
sibly a  ground-up  rock 720-  730 

91-92.  Washings,  depth  720-735  feet,  consisting  of  gray,  calca- 
reous rock  and  broken  shells,  some  of  the  shells  being 
stained  brown  with  iron  oxide.  Contains  Ostrea  ere- 
tacea,  Oryphaea  vesicularis,  Placenticeras  sp.,  etc. 

93-100.  Fine,  light  greenish  and  yellowish  glauconitic,  calcareous, 
argillaceous,  finely  micaceous  sand,  containing  Ostrea 
cretacea 730-  820 

101.  Washings,  depth  817-820  feet,  consisting  principally  of 

broken  Ostrea  shells,  some  of  which  are  stained  brown 
with  iron  oxide.  Contains  Ostrea  cretacea,  Anotnia  sp., 
sharks'  teeth,  etc. 

102.  Similar  to  samples  Nos.  93-100 820-  830 

103-110.    Gray,  calcareous,  finely  micaceous  clay,  containing  Ostrea 

fragments,  and  Anomia 880-  910 

111-112.  Mostly  fragments  of  shells,  with  some  lumps  of  gray,  car* 
careous  clay,  containing  Ostrea  fragments,  Exogyra, 
etc 910-  930 

113.  Coarse,  brownish,  micaceous,  very  calcareous  sand,  con- 

taining Ostrea  cretacea  930-  940 

114.  Clean,  loose,  very  micaceous  sand 940-  950 

115.  Washings,  depth  95G  feet,  consisting  of  angular  quartz 

pebbles  up  to  ^  inch  in  diameter,  varying  in  color 
from  white  to  pale  yellow  and  pink,  and  Ostrea  frag- 
ments. 

116-119.  White  to  pale  yellow  and  pinkish,  coarse,  slightly  mica- 
ceous sand,  with  angular  grains 950-  990 

120.    Washings,  depth  992  feet,  consisting  of  coarse  sand,  an- 
gular pebbles,  and  lignite. 

121-122.     Coarse,   yellow   sand,   with  indurated   chunks   cemented 

with  arkosic  material.    Lignite  in  sample  No.  121 090-1000 

123.  Washings,  depth  1031-1034,  consisting  of  gray  sandstone, 

quartz  pebbles,  shells  and  lignite.  Contains  Serpula, 
Ostrea  cretacea,  Ostrea  sp.,  etc. 

124.  Washings,   depth   1061-1065    feet,    similar   to   preceding, 

containing  Ostrea  cretacea,  Exogyra  sp.,  Cardium  sp., 

etc. 

[Llthologlc  samples  from  1,000  feet  to  the  bottom  of 
the  well  (except  washings)  are  lacking  in  the  mu- 
seum collection,  but  from  the  original  samples  fossils 
were  taken  as  follows.: 

r  Ostrea  cretacea, 
1037-1088  j  Exogyra  sp.    Resembles  young  of  Exo- 
I      gyra  ponderosa. 


1104-1105 


[  Lignite, 
Ostrea  cietacea, 
Exogyra  sp. 
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Thickness 
i.\  Feet. 


J  Mostly  decomposed   granite,   but   con- 
"^      tains  one  fragment  of  large  Ostrea. 


1 


The  remainder  of  the  section  is  taken  from  the  driller *s 
written  description  of  the  materials  penetrated.] 

Red  sand  1000-1011 

Yellow  sand 1011-1013 

Yellow  sand  and  gravel 1013-1015 

Oyster  shells,  shale  rock,  mud 1015-1031 

White  clay  and  sand  mixed 1031-1034 

Blue  clay 1034-1053 

Gravel  and  green  clay,  soft  rock 1053-1061 

Soft  rock,  and  shells 1061-1065 

Sand   1065-1075 

Black  sand 1075-1081 

Red  and  white  clay 1081-1083 

Sand  and  shells 1083-1087 

Red  clay  and  sand  mixed 1087-1088 

Red  clay   1088-1095 

Sand  and  small  pebbles 1095-1104 

Red  clay  and  hard  rock,  which  looks  like  granite 1104-1109 

Basement  Hock: 

Granite   1109-1330 

•  A  brief  account  of  the  Hilton  Park  well  by  Prof.  J.  A.  Holmes  is 
given,  in  Science,  new  series,  vol.  9,  1900,  pp.  128-130. 

On  the  basis  of  the  evidence  obtained  from  the  fossils,  the  strata  pene- 
trated in  the  upper  720  feet  are  regarded  by  Dr.  Stanton  as  the  equiva- 
lent of  the  Ripley  formation,  and  the  remaining  389  feet  down  to  the 
basal  granite  at  a  depth  of  1,109  feet  as  the  equivalent  of  the  Eutaw 
formation.  Beds  representing  the  Lower  Cretaceous  seem  to  be  absent. 
Tho  reference  of  the  lower  beds  to  the  Eutaw  wa^  made  on  the  ground 
of  the  occurrence  of  the  fossil  Ostrea  cretacea  Morton.  According  to  the 
present  classification  of  the  North  Carolina  deposits,  the  portion  of  the 
section  which  he  correlated  with  the  Ripley  formation  should  be  referred 
to  the  Peedee  sand  and  the  remainder  or  Eutaw  portion  of  the  section 
to  the  Black  Creek  formation. 

Section  of  well  at  northeast  corner  of  Third  and  N"unn  streets,  "Wil- 
mington, "N.  C,  owned  by  John  D.  Bellamy,  Jr.,  from  samples  fur- 
nished by  John  J).  Lowry,  contractor:  thickness 

IN   FkBT. 

Xo  sample  (probably  Pleistocene) 1-    85 

Miocoie: 

1-2.     White  to  light  gray  sand,  fossiliferous  in  sample  No.  2 35-    58 

{Eocene  docs  not  appear  to  be  present.) 
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•  

Thick  VPS  s 

Cretaceous  (Peedee  sand)  :  ix  fettt. 

3.  Light    gray,    fln€-grained,    calcareous,    slightly    micaceous 

sand.    Numerous  very  small  fragments  of  shells GO-    62 

4.  White,  medium-grained,  loose,  clean  quartz  sand,  slightly 

calcareous    G2-    75 

5.  Light    gray,    fine-grained,    calcareous,    slightly    micaceous 

sand 75-    90 

6.  Similar  to  No.  5,  but  a  trifle  lighter  in  color.    Contains 

some  small  fragments  of  shells 90-  101 

7.  This  sample  consists  principally  of  fragments  of  gray,  hard, 

very  calcareous  sandstone.  With  these  are  slightly 
rounded  grains  of  quartz  sand  and  numerous  fragments 
of  shells  mostly  resembling  oyster  shells.  Some  of  the 
rock  fragments  have  Cardium-like  impressions  upon  them. 
(Lithologically,  this  sample  resembles  Peedee  material  at 
a  depth  of  40  feet  In  the  Wilmington  well) 101-  115 

Section  of  well  No.  2,  Winter  Park  Garden,  3  miles  east  of  Wilming- 
ton, N.  C,  near  the  tracks  of  the  C.  L.  and  P.  Company's  electric  road 
to  Wrightsville,  owned  by  Henry  McMillan,  from  samples  furnished 
by  Winter  Park  Garden  Company. 

Thickness 
Pleistocene:  '  ix  feet. 

1.  White,  coarse,  gravelly  quartz  sand.    One  iKibble  an  Inch 

long,  probably  a  partially  decomposed  Igneous  rock 32-    44 

2.  Very  coarse,  gravelly  quartz  sand 44-    50 

Miocene: 

3.  Shell  marl  with  a  matrix  of  gravel  and  sand 50-    54 

Eocene: 

4-7.    White  to  light  gray  fosslllferous  sand,  with  an  abundance 

of  bryozoan  remains 54-    78 

White  sandy  limestone,  with  numerous  bryozoan  remains. .     78-    83 

Cretaceous  (Peedee  sand)  : 

9.  Dark  green,  calcareous,  finely  arenaceous  and  micaceous, 
and  slightly  glauconitic  clay.  Assigned  to  marine  Cre- 
taceous because  of  its  lithologic  resemblance  to  materials 
of  that  age  in  this  region S3-    88 

10.  Gray,  calcareous  sand  (doubtless  the  ground-up  rock)  and 

numerous  fragments  of  hard,  calcareous  sandstone.  A 
few  bryozoan  fragments  which  have  probably  fallen  down 
from  above,  shell  fragments,  and  one  shark's  tooth. 
Driller's  description  :  hard  rock 88-    95 

11.  Sample  is  similar  to  No.  30.     Driller's  description:   rock 

and  sand    95-  100 

12.  Gray,  calcareous  sand,  some  fragments  of  rock  of  the  same 

nature,  a  few  shell  fragments.  Driller's  description: 
sand-rock    100-  110 

13.  Same  as  No.  12.     Driller's  description  :  sand-rock 110-  120 
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Thickness 
IN  Feet. 

14.  Gray,  very  calcareous,  very  sandy  clay,  or  very  argillaceous 

sand  120-  130 

15.  Gray,  medium-grained,  very  calcareous,  glauconitic  sand, 

with  some  fragments  of  gray,  calcareous  sand-rock,  and 

some  small  shell  fragments.    Driller's  description:  rock.  130-  140 

Section  of  well  at  Masonboro  Sound,  7  or  8  miles  Boutheast  of  Wil- 
mington, X.  C,  owned  by  W.  L.  Parsley,  from  samples  furnished  by 

John  D.  Lowry,  contractor: 

Thickness 
Pleistocene:  i^  Feet. 

1.     Medium-grained-,  clean,  white  quartz  sand at  15 

Eocene: 

2-11.  Alternating  layers  of  gray,  calcareous  sand  and  white  fos- 
siliferous  limestone,  containing  numerous  bryozoan  re- 
mains       25-  155 

Cretaceous  (Pecdee  sand)   (?)  : 

32.  Coarse,  gray,  calcareous  sand  and  rock  (probably  in  al- 
ternate layers).  Contains  many  fragments  of  shells, 
probably  for  the  most  part  Ostrea,  and  a  few  bryozoan 

remains  which  may  have  fallen  down  from  above 155-  165 

13.  (?)  (Not  labeled)  Similar  to  sample  No.  12.  A  larger  per- 
centage of  loose  sand.  Occasional  grains  of  glauconite. 
(This  sample  is  needed  to  complete  the  section,  and  it 
probably  belongs  here) 165-187? 

Section  of  well  at  Quarantine  Station,  located  about  1  mile  east  of 
Southport,  ^.  C,  in  center  of  Cape  Fear  River  estuary,  prepared  from 
samples  forwarded  to  the  State  Survey  by  the  officers  in  charge: 

Thickness 

Pleistocene:  in  Fbbt. 

1-5.  Loose  beach  sand  with  shells  and  fragments  of  shells,  prob- 
ably Pleistocene.     Sample  No.  4  is  argillaceous 15-    40 

6.    Light  bluish-gray,  iron-stained  coqulna  rock,  consisting  of 

shells  in  very  fragmentary  condition  cemented  with  lime.     40-    45 
7-9.    Loose  sand  with  shells  and  fragments  of  shells  similar  to 

samples  Nos.  1  to  5 45-    60 

10-11.  rhiinks  of  gray,  calcareous  clay,  pieces  of  light-blue  coquina 
rock  and  numerous  well-preserved  shells  of  Pleistocene 
age   60-    70 

Eocene: 

12-39.  Bluish-gray  and  cream-colored  fossiliferous  limestone.  Con- 
tains an  abundance  of  bryozoan  remains 70-  215 

40-47.     Ll^'ht  gray,  calcareous,  fossiliferous  sand 215-  265 

Cretaceous  (Pcedee  sand)  : 

48-G7.  Dark  gray,  very  argillaceous,  very  calcareous,  fine-grained 
sand.     (Could  be  classed  as  very  arenaceous  clay.)     The 
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Thicknkss 
IN  Feet. 

different  samples  vary  slightly  iu  color,  some  having  a 
bluish-gray  tinge,  and  others  a  dark  brownish  tinge.  The 
lower  samples  become  slightly  less  argillaceous.    Finely 

comminuted  shell  fragments  occur  in  sample  No.  54 265-  365 

68-74.  Gray,  calcareous,  glauconltic  sand,  slightly  argillaceous  In 
upper  samples,  becoming  coarser  and  very  glauconltic  in 
lower  samples 365-  400 

Section  of  well  at  Fort  Caswell,  near  the  mouth  of  Cape  Fear  River, 

N.  C,  from  samples  furnished  by  the  officer  in  charge : 

Thickness 
Pleistocene:  in  pbet. 

1.    Loose  beach  sand  with  small  shell  fragments 0-    30 

2-3.  Gray,  calcareous,  sandy  clay  with  well-preserved  Pleisto- 
cene fossils,  Barnea,  CrepidulUy  Nassa^  etc 30-    45 

4-6.  Loose,  calcareous  sand  with  numerous  shell  fragments 
and  in  sample  No^  6  large  fragments  of  Pleistocene 
fossils  as  follows:  Cardium,  Teredo,  Ostrea,  Scutellat 
Crepidula.  Also,  in  sample  No.  6,  pieces  of  calcareous 
sand-rock,  fragments  of  peat,  iron  crusts,  and  one  frag- 
ment of  crystalline  rock,  probably  granite 45-    78 

Eocene: 

7-25.    Consists  principally  of  yellow,  calcareous,  fossiliferous 
sand,  with  some  clay.     Sample  No.  11  consists  of  white 

chalk-like  rock  (thickness  4  inches) 78-  254 

Cretaceoue: 
Peedee  sand : 

26-33.    Gray,  very  calcareous  clay,  with  an  admixture  of  soft 
sand   in  last  two  samples.    Serpula  casts  in  sample 

No.  32 254-  418 

34.     Gray,  calcareous,  very  glauconltic  sand 418-  419 

35-46.    Gray,  calcareous  clay,  slightly  sandy  in  some  samples. . .  419-  678 
46%.    Mixture  of  gray,  calcareous  clay,  sand  and  fragments  of 

shells;  containing  Bryozoa,  Osfrca  fragments,  etc 678-  680 

47.     Sample    missing 6S0-  690 

48-48%.  Same  as  No.  46%,  but  contains  impure  lime  concretions 
as  large  as  1  Inch  in  diameter.     Contains  Bryozoa,  Os- 

trea  sp.,  etc 090-  693 

49-55%.  Gray,  argillaceous,  calcareous  sand,  with  numerous  small 
shell  fragments.  No.  50  contains  fragments  of  gray, 
calcareous  sand-rock.     Samples  55  and  55%   contain 

Ostrea  sp.,  etc 693-  795 

56-57.    Dark  green,  very  glaucouitic,  calcareous  sand 795-  880 

58.  Mixture  of  chunks  of  dark  green,  glauconltic  sand,  and 

gray,  calcareous  sand   880-  896 

59.  Coarse,  gray  sand,  with  small  shell  fragments 896-  899 

59%.    Light  gray,  argillaceous  limestone,  with  casts  of  pelecy- 

pods  and  gastropods.    Contains  Cardium  sp.,  Lunatia 

sp.,  etc 896-  899 
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TniCK.NKSS 

IS  Feet. 
G0-G5%.     Gray,  calcareous,  finely  micaceous  clay,  large  pieces  of 

shells  of  Oatrea  auhspatulata  and  Exogyra  sp.  in  sam-  I 

pie  65  V, 899-1140  ' 

Black  Creek  formation : 

06.     Light  pinkish,  plastic  clay 1140-1100 

67-68.     Samples  missing 1160-1200 

OS  14.  Gray,  calcareous  clay,  with  a  mixture  of  quartz  pebbles 
up  to  ^2  Inch  in  diameter  and  shell  fragments.  Con- 
tains Bryozoa  and  Ostrca  crctacca   (?),  etc 1200-1237 

69.  Clean,  loose,  slightly  calcareous  sand 1237-1253 

70.  Sample   missing 1253-1259 

71.  Light  gray,  calcareous  clay 1259 

72-73.     Light  to  dark  pinkish  or  reddish,  finely  laminated  clay.  .1259-1322 

74.  Light  pray,  calcareous  clay,  with  an  admixture  of  small 

quartz  pebbles  as  large  as  birdshot 1326-1334 

75.  Coarse,  argillaceous,  calcareous  sand 1342-1365 

76-76a.     Coarse  sand  and  gravel  with  pebbles  up  to  ^  inch  in 

diameter.  Also,  pieces  of  gray,  calcareous  sand-rock 
and  piect^s  of  shells.  Sample  76  contains  Bryozoa, 
Ostrea  cretaceat  Exogyra  sp.,  etc 1365-13S0 

77-78.  Very  coarse  sand,  many  of  the  grains  as  large  as  bird- 
shot,  with  small  particles  of  gray,  calcareous  clay,  and 
with  numerous  fragments  of  shells 1380-1405 

79-80.  Coarse  sand,  with  a  large  percentage  of  small  particles 
of  gray  calcareous  clay,  scattered  grains  of  glauconite, 
and  numerous  shell  fragments,  among  them  encrusting 

Inyo/.oans.     Sanii)le  80  contains  Bryozoa 1405-1440 

81.  Coarse,  loose  sand  and  fine  fragments  of  crushed  sand- 
stone, filled  with  particles  of  iron  oxide.  Contains  a 
few  shell  fragments 1440-1442 

82-83.  Ix)()se,  white,  medium-grained  sand,  with  a  few  shell  frag- 
ments   1442-1455 

84.     Fine,  dark  gray,  micaceous,  slightly  glauconitic  sand. . .  .1455-1470 

85-SO.     Loose,  gray,  medium-grained  slightly  micaceous  sand 1470-1490 

87.  Fine,  yellowish  gray,  glauconitic,  micaceous  sand 1490-1500 

88.  Fine,  dark  gray,  micaceous,  slightly  glauconitic  sand 1500-1510 

80.     Dnrk  i)inkish  drab,  arenaceous,  micaceous  clay 1510-1525 

00.     C()ars<^  argillaceous  sand  and  chunks  of  light  gray  and 

pink-mottled,  coarsely  arenaceous  clay 1525-1532 

91.     Very  fine,  grny,  micaceous,  glauconitic  sand 1532-1540 

Basement  Rod;: 

A  niet}unori)lios(Hl  rock  (jjossibly  from  an  old  eruptive?)  having 
n  very  fine  jiraniilnr  texture.  Consists  principally  of  inter- 
locking quartz  p:rains  witli  considerable  greenish  mica  flakes 
and  grains  of  red  iron  oxide.  There  are  also  numerous  grains 
of  oj^idote  and  some  clilorlte.  A  stretched  apatite  crystal  ob- 
served in  one  slide.  (Description  credited  to  Dr.  Albert 
Jojiannscn)    1540-1543 
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The  above  well  was  drilled  by  W.  H.  Gray  &  Bros,  of  Chicago,  111. 
Drilling  was  started  on  September  9,  1905,  and  the  last  sample  was 
taken  May  6,  1907.  In  a  letter  transmitting  the  samples,  the  method  of 
drilling  is  described  by  T.  T.  AUard,  the  officer  in  charge  at  the  time  the 
well  was  begun,  as  follows:  "The  system  of  drilling  is  the  rotary  hy- 
draulic. Water,  in  which  a  large  quantity  of  clay  has  been  thoroughly 
stirred,  is  pumped  down  to  the  bottom  of  the  drill  on  the  inside,  and 
washed  up  the  cuttings  on  the  outside.  The  clay  penetrates  and  seals 
the  sand  and  prevents  caving. 

"The  method  so  mixes  the  material  as  to  render  it  difficult  to  obtain 
satisfactory  samples  of  the  thin  strata." 

The  well  is  owned  by  the  United  States  Government. 

THE  TERTIARY  FORMATIONS. 
By  Benjamin  L.  Milleb.* 

HISTORICAL  REVIEW. 

By  the  earliest  writers,  Maclure,  Olmsted,  and  others,  no  attempt 
was  made  to  differentiate  the  strata  of  the  Coastal  Plain,  but 
instead  they  were  considered  to  constitute  a  unit  which  received  the 
name  of  the  "alluvial  formation."  In  Europe  certain  deposits  had 
received  the  name  of  Secondary  and  Tertiary,  and  in  1824  John  Finch, 
in  an  article^  entitled  "A  Geological  Essay  on  the  Tertiary  Formations 
in  America,"  ventured  the  statement  that  the  "alluvial  formation"  of 
Maclure  contained  representatives  of  both  of  these  divisions.  Later 
writers  recognized  the  division  of  Coastal  Plain  deposits  into  Cretaceous 
("Secondary")  and  Tertiary  strata,  but  as  the  separation  was  made  on 
the  basis  of  the  lithology  or  at  most  the  genera  of  the  fossils  preserved 
in  the  deposits,  further  subdivisions  were  impracticable,  without  more 
detailed  studies  of  the  fossils.  At  this  stage  Say,  Conrad,  and  Lea  began 
their  paleontologic  investigations  of  the  Atlantic  Coastal  Plain.  Con- 
rad^  in  1832  described  a  few  fossils  from  Xew  Bern,  ISTorth  Carolina, 
which  he  referred  to  the  'TTpper  Marine"  or  "Upper  Tertiary,"  while 
Lea,  in  his  "Contributions  to  Geology,"  published  in  1833,  referred 
certain  beds  in  Alabama  to  the  Eocene  as  defined  by  Lyell  in  England. 
This  is  the  first  reference  to  Eocene  strata  in  this  country,  and  is,  there- 
fore, of  much  importance  in  the  literature  of  the  entire  Coastal  Plain, 
although  no  reference  is  made  to  the  N'orth  Carolina  deposits. 


♦Except  part  on  Lafayette  formation,  by  L.  W.  Stephenson. 
lAmer.  Jour.  Sci..  vol.  7,  1824,  pp.  31-43. 

•Fossil  shells  of  the  Tertiary  formations  of  North  America,  vol.  1,  No.  1,  20  pp.,  6  pis. 
Philadelphia.  1832. 
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In  the  decade  following  the  publication  of  Lea's  work  the  differen- 
tiation of  the  Tertiary  was  extended  to  other  regions  and  the  Eocene 
became  generally  recognized  as  distinct  from  the  later  Tertiary  strata. 
In  KTorth  Carolina  the  beds  at  Wilmington  early  received  attention, 
while  exposures  along  the  Trent  and  Northeast  Cape  Fear  rivers  were 
mentioned. 

It  remained  for  Lyell,  who  had  named  and  described  the  Tertiary 
divisions  of  Europe,  to  definitely  determine  the  presence  of  similar 
strata  in  North  Carolina.  While  in  this  country  he  visited  many  fossil 
localities  in  the  State,  and  at  Wilmington  recognized  the  presence  of 
deposits  of  both  Eocene  and  Miocene  age.^ 

Since  LyelPs  time  there  has  never  been  any  question  regarding  the 
presence  of  Eocene  and  Miocene  strata  in  North  Carolina,  and  early 
claims  regarding  the  existence  of  Pliocene  deposits  have  been  sub- 
stantiated by  the  later  work  of  Dall.  Emmons,  in  his  geological  report, 
published  in  1858,  and  Kerr,  in  his  report  published  in  1876,  made 
important  contributions  to  the  knowledge  of  the  Tertiary  deposits  of  the 
State,  summarizing  the  results  of  previous  investigations.  Clark,  Stan- 
ton, Holmes,  and  others  have  described  in  later  years  many  local  sec- 
tions in  much  detail. 

Heilprin,^  in  1883,  proposed  the  name  "Carolinian"  for  the  Miocene 
deposits  of  the  Carolinas,  regarding  them  younger  in  age  than  the 
Miocene  deposits  of  Virginia  and  Maryland,  which  he  proposed  to  call 
"Virginian"  and  "Marylandian." 

In  1890,  Dall  began  the  publication  of  his  elaborate  monographic 
study  of  the  Tertiary  fauna  of  Florida,  in  which  he  included  descrip- 
tions of  all  of  the  known  Tertiary  fossils  of  the  Atlantic  Coastal  Plain. 
In  these  studies,  extending  over  a  period  of  13  years,  he  recognized 
the  fact  that  the  Miocene  was  capable  of  subdivision,  and  also  clearly 
differentiated  the  Pliocene,  regarding  which  much  doubt  had  been 
expressed  by  others.  No  detailed  study  of  the  stratigraphy  of  the  North 
Carolina  Tertiary  deposits  had  been  made,  however,  up  to  the  time 
that  the  United  States  Geological  Sur\^ey,  in  cooperation  with  the  North 
Carolina  Geological  and  Economic  Survey,  began  the  present  investiga- 
tions in  1905,  and  no  general  article  based  on  detailed  stratigraphic 
work  has  thus  far  been  published. 

DIVISIONS. 

The  Atlantic  Coastal  Plain,  as  well  as  the  Gulf  Coastal  Plain,  has 
been  found,  on  careful  study,  to  be  far  less  simple  than  it  was  formerly 


'Travels  in  North  Amorica,  etc.     New  York,  1845. 
«Proc.  Phila.  Acad.  Nat.  Sci..  vol.  24,  1889, up.  150-186. 
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believed  to  be.  Instead  of  a  single  unit,  as  regarded  by  Maclure,  it  has 
been  found,  on  careful  investigation,  to  have  had  a  complex  history  and 
to  consist  of  many  different  formations  based  on  differences  in  litho- 
logic  and  paleontologic  characteristics,  and  many  of  the  formations 
are  separated  by  marked  unconformities.  In  Maryland,  where  the 
deposits  of  the  Coastal  Plain  have  been  studied  in  great  detail,  16  differ- 
ent formations  have  been  recognized.  Similar  studies  in  New  Jersey, 
Virginia,  South  Carolina,  and  the  Gulf  States  have  shown  the  Coastal 
Plain  to  consist  of  many  imits  or  formations. 

In  North  Carolina  the  Eocene  has  thus  far  been  considered  a  unit,  and 
no  formational  names  have  been  introduced.  Recent  studies,  however, 
have  shown  that  on  the  basis  of  its  fossils  and  its  lithologic  characters, 
it  is  capable  of  division  into  at  least  two  formations,  and  for  these  the 
names  of  Trent  and  Castle  Hayne  are  proposed.  It  is  not  improbable 
that  one  or  both  of  these  may  later  prove  to  be  synonyms  of  terms 
previously  used  to  describe  the  same  formations  in  South  Carolina  or 
Alabama,  but,  until  such  correlations  have  been  definitely  established, 
it  seems  best  to  use  local  names. 

The  possibility  of  dividing  the  Miocene  of  North  Carolina  into 
different  formations  was  recognized  by  Dall,  although  he  did  not  have 
the  stratigraphic  facts  at  hand  to  warrant  such  a  separation.  The  field 
work  that  has  been  carried  on  by  the  United  States  Geological  Survey 
in  cooperation  with  the  North  Carolina  Geological  Survey  during  the 
past  few  years  has  furnished  the  necessary  data  for  such  division,  and 
it  is  now  proposed  to  refer  the  Miocene  strata  of  North  Carolina  to 
three  formations.  The  oldest  formation  is  recognized  as  the  equivalent 
of  the  St.  Marys  formation  of  Maryland  and  Virginia,  which  has  been 
described  in  detail  for  the  former  State,  while  the  younger  Miocene 
strata  are  referred  to  the  Yorktown  formation,  which  receives  its  name 
from  the  town  of  Yorktown  on  the  York  River  in  Virginia,  and  the 
Duplin  formation,  which  receives  its  name  from  Duplin  County,  where 
it  is  well  developed  in  the  "Natural  Well.'*  These  formations  are 
unlike,  both  lithologically  and  faunally,  and,  furthermore,  are  separated 
by  unconformities. 

The  Pliocene  of  North  Carolina  is  still  somewhat  indefinite,  mainly 
for  the  reason  that  the  paleontologic  work  has  not  progressed  to  a  point 
where  positive  statements  can  be  made.  It  is  possible  that  the  detailed 
study  of  the  fossils  may  prove  the  existence  of  two  marine  Pliocene 
formations,  though  at  present  it  seems  best  to  refer  all  of  these  strata 
to  a  single  formation,  the  Waccamaw. 

It  is  recognized,  however,  that  the  Pliocene  of  the  Cape  Fear  River 
is,  in  many  respects,  somewhat  different  from  the  deposits  on  the  south 
side  of  the  Neuse  River  in  the  vicinity  of  Croatan  and  Slocums  Creek. 
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The  former  seems  to  be  closely  related  to  the  Miocene  in  paleontologic 
characteristics,  while  the  latter  is  more  closely  allied  to  the  Pleistocene. 
The  information  in  regard  to  the  Neuse  River  localities  is  so  meager 
that  it  seems  inadvisable  at  the  present  time  to  establish  a  new  Pliocene 
formation  to  include  those  beds.  In  fact,  it  seems  highly  probable 
that  they  may  later  be  found  to  belong  to  the  Pleistocene  and  correlated 
with  the  Simmons  Bluff  locality  in  South  Carolina  or  the  marine 
Pleistocene  strata  that  underlie  a  considerable  portion  of  the  Great 
Dismal  Swamp  in  Virginia  and  North  Carolina.  It  is  with  these 
reservations  that  the  "Waccamaw  is  here  made  to  include  beds  that  seem 
to  be  somewhat  unlike  faunally.  The  Lafayette  formation,  which  has 
been  provisionally  referred  to  the  Pliocene,  is  discussed  later. 

EOCENE. 
TRENT    FOEMATION. 

Xame. — The  Trent  formation  receives  its  name  from  the  Trent  River, 
along  which  stream  it  is  exposed  from  the  vicinity  of  Trenton,  Jones 
County,  to  near  the  junction  of  the  Trent  and  K'euse  rivers. 

Definition, — The  Trent  formation  consists  of  the  basal  beds  of  the 
Eocene  in  North  Carolina,  and  is  composed  of  calcareous  marls,  fos- 
siliferous  limestones,  and  fine-grained,  siliceous  sandstones  deposited 
under  marine  conditions  and  extending  inland  from  the  coast  south  of 
the  Neuse  River  to  "Wake,  Moore,  and  Harnett  counties. 

The  Trent  strata  rest  upon  an  uneven  inter-  or  post-Cretaceous  ero- 
sion surface  that  at  present  has  a  gentle  slope  to  the  southeast.  A  few 
miles  southeast  of  Raleigh  and  about  3  miles  northeast  of  Spout  Springs 
the  deposits  rest  directly  upon  the  uneven  surface  of  the  Lower  Cre- 
taceous rocks.  Th(^s{»  and  some  other  small  areas  are  isolated  from 
the  main  body  of  the  Trent  and  represent  remnants  that  have  resisted 
the  agents  of  erosion  which  have  removed  strata  of  the  same  age  that, 
probably,  at  one  time  covered  a  large  portion  of  the  Piedmont  rocks 
in  this  State.  Elsewhere  the  Trent  formation  overlies  Cretaceous  strata 
belonging  to  the  Patuxent,  Black  Creek,  and  Peedee  formations.  In 
some  places  it  can  be  plainly  seen  to  occupy  depressions  in  Cretaceous 
d(*posits,  thus  indicating  the  uneven  erosion  surface  on  which  deposi- 
tion took  place  when  the  Trent  submergence  occurred.  One  of  the  best 
examples  of  this  unconformity  is  shown  along  the  Neuse  in  the  vicinity 
of  Broadhurst  Bridge  (82^4  niiles  above  New  Bern).  At  this  point 
exposures  of  Eocene  limestone  occur  at  several  places  for  a  distance  of 
about  IV2  miles  with  no  Cretaceous  strata  showing  beneath,  but  both 
upstream  and  downstreanx  the  marine  Cretaceous  rises  to  view. 
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Were  not  the  Cretaceous  and  Eocene  strata  so  nearly  horizontal, 
such  exposures  might  indicate  synclinal  folding,  but  the  very  small  dip 
of  the  strata  precludes  any  such  possibility. 

The  Trent  formation  is  overlain  by  deposits  belonging  to  the  younger 
formations.  In  the  vicinity  of  Wilmington  the  Trent  dips  beneath  the 
Castle  Hayne  deposits,  though  there  are  no  known  exposures  where 
the  two  are  represented  in  the  same  section,  and  therefore  no  evidence 
has  been  obtained  in  this  way  to  determine  whether  the  Trent  and 
Castle  Hayne  formations  are  conformable  or  not,  in  those  regions  where 
both  are  present,  although  the  evidence  secured  from  well  borings 
makes  it  probable  that  they  are.  Between  PoUoksville  and  [^Tew  Bern, 
in  some  places  along  the  Trent  River  near  Trenton,  and  also  in  the 
vicinity  of  Mount  Olive,  this  formation  is  directly  overlain  by  the 
Yorktown  formation,  while  in  the  vicinity  of  Goldsboro  it  seems  to 
pass  beneath  the  St.  Marys  deposits.  However,  in  almost  all  the  places 
where  the  Trent  strata  are  exposed  the  overlying  material  consists  of 
sands,  gravels,  and  clays  of  the  Pleistocene,  which  form  the  surficial 
covering  of  the  greater  part  of  the  Coastal  Plain  in  this  State.  With 
the  possible  exception  of  the  Castle  Hayne  formation,  the  Trent  is  known 
to  be  unconformable  with  every  formation  that  overlies  it. 

Lithologic  Characters, — The  Trent  formation  consists  of  various 
kinds  of  materials  in  different  portions  of  the  State.  Primarily  the 
deposits  consist  of  light-colored  calcareous  marl  that  is  either  loose  or 
locally  consolidated.  This  is  well  shown  in  the  section  exposed  in  the 
right  bank  of  the  Trent  River  at  White  Bank  Landing  about  IV2  niiles 
below  Trenton.  In  certain  places  the  calcareous  marl  has  been  firmly  in- 
durated and  forms  a  hard,  compact  limestone  that,  lithologically,  closely 
resembles  some  of  the  Paleozoic  limestones  of  the  Appalachian  region. 
This  limestone  usually  contains  many  fossils,  and  in  places  the  rock 
seems  to  have  been  largely  formed  of  the  shells  of  moUusca,  hryozoa,  and 
echinoderms.  In  certain  places  the  shells  are  present,  though  in  most 
places  the  shell  particles  have  been  entirely  removed  and  the  rock  is 
either  cavernous  or  contains  manv  moulds  or  calcareous  casts  of  the 
organisms  that  were  originally  present.  Such  limestones  are  exposed 
in  many  places  along  the  Xeuse  and  Trent  rivers,  but  are  particularly 
well  developed  at  Spring  Garden  and  Rock  landings  and  in  the  Sarpony 
Hills  on  the  Neuse  River  and  at  Rock  Spring,  White  Rock  Landing,  in 
the  vicinity  of  Trenton  on  the  Trent  River  and  at  Jacksonville. 

Near  Olivers  the  limestone  does  not  form  a  distinct  bed,  but  there 
are  irregular  masses  of  limestone  in  a  matrix  of  quartz  sand,  while  at 
Biddle  Landing  on  the  Xeuse  River  the  limestone  contains  many  frag- 
ments of  shells  mixed  with  considerable  quartz  sand. 
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The  limestones  from  the  Trent  formation  have  been  quarried  for  use 
as  building  stones,  buhrstones,  and  for  the  manufacture  of  lime. 

At  Polloksville  and  near  Olivers  this  formation  contains  beds  of  the 
gigantic  oyster,  Ostrea  georgiouna,  many  specimens  of  which  are  more 
than  a  foot  in  length.  Some  are  said  to  measure  more  than  20  inches 
in  their  longest  diameter.  The  shells  are  found  in  an  extremely  rotten 
condition  that  renders  them  valuable  for  fertilizing  purposes. 

In  certain  places  the  deposits  of  this  formation  contain  small  amounts 
of  glauconite,  black,  water-worn,  phosphatized  pebbles,  and  fragments  of 
sharks'  teeth  and  other  Cretaceous  fossils.  It  seems  probable  that  all 
of  these  materials  have  been  derived  from  the  underlying  marine  Cre- 
taceous deposits  which  were  worn  away  and  redeposited  by  the  waves 
during  the  time  that  the  Trent  formation  was  being  laid  down.  A  sec- 
tion in  which  these  characters  are  shown  is  exposed  along  the  Xense 
River  about  6^/2  miles  below  Kinston. 

Some  outliers  of  Eocene  materials  that  are  provisionally  referred  to 
the  Trent  formation  in  the  vicinity  of  Raleigh  consists  of  firmly  indu- 
rated, siliceous  shell  rock.  They  were  undoubtedly  calcareous  limestones 
originally,  but  have  gradually  been  changed  to  their  present  character 
by  the  removal  of  the  calcium  carbonate  and  the  deposition  of  siliceous 
matter  in  its  place. 

To  determine  the  total  thickness  of  the  Trent  formation  is  very  diffi- 
cult, for  the  reason  that  it  occurs  in  isolated  areas,  for  the  most  part, 
occupying  depressions  in  the  old  Cretaceous  surface,  and  thus  far  it 
has  not  been  possible  to  determine  whether  these  separated  beds  are 
contemporaneous  or  not.  Where  the  strata  are  continuous  for  a  con- 
siderable distance,  as  along  the  Trent  River,  the  total  thickness  of  the 
beds  exposed  is  much  greater.  Later  strata  appear  as  one  goes  east- 
ward, as  the  dip  of  the  beds  is  in  that  direction.  At  Trenton  a  well 
record  shows  the  formation  to  be  73  feet  thick,  while  it  seems  probable 
that  it  is  about  100  feet  thick  at  Polloksville.  Southeast  of  Wilming- 
ton, well  borings  show  a  total  thickness  of  140  feet  of  Eocene  material, 
but  the  data  are  not  sufficient  to  determine  what  part  of  the  beds  belong 
to  the  Trent  and  what  portion  to  the  Castle  Hayne  formation.  From 
what  we  know  of  the  two  formations  from  outcropping  strata  the  Trent 
seems  to  be  much  the  thicker  of  the  two  and  probably  constitutes  some- 
what more  than  100  feet  of  the  combined  Eocene  strata. 

The  fossils  of  the  Trent  formation  are  especially  abundant  in  many 
places  and  constitute  the  greater  portion  of  the  exposed  strata.  They  are 
well  preserved  in  most  places,  though  certain  strata  contain  only  the 
moulds  of  the  shells,  with  no  part  of  the  original  animal  remaining.  The 
fossils  belong  to  the  Molhu^ca,  Molluscoidea,  and  EcMnodermata.Ta^xAj. 
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Pelecypods  and  Gastropods  are  the  common  molluscan  forms,  and  speci- 
mens of  these  are  found  in  almost  every  exposure.  The  gigantic  Ostrea 
georgiana  that  occurs  in  such  abundance  at  PoUoksville  and  near  Oli- 
vers is  one  of  the  most  interesting  forms  of  this  formation.  It  seems, 
however,  to  have  had  a  very  local  distribution,  so  cannot  be  used  to  any 
great  extent  for  purposes  of  correlation. 

The  most  striking  characteristics  of  the  Trent  fauna  are  the  great 
quantities  of  bryozoan  remains.  Almost  every  outcrop  of  the  formation 
will  furnish  specimens  of  this  group,  while  in  some  places  scarcely  any 
other  fossils  occur.  Spines  and  occasional  tests  of  Echinoids  are  also 
common  and  are  associated  with  the  remains  of  the  Bryozoa.  Dr.  M. 
W.  Twitchell  has  determined  the  following  species  of  Echinoids  from 
the  Eocene  of  Craven  County: 

Scutella  alia  Conrad. 
Ecliinocyamus  parvus  Emmons. 
Cidaris  caroHnensis  Emmons. 
Cidaris  mitchelli  Emmons. 

He  believes  the  fossils  indicate  the  upper  Claibomian  age  of  the 
strata. 

Thus  far  very  little  work  has  been  done  on  the-  Trent  fauna,  but  in 
the  near  future  it  is  planned  to  make  a  detailed  study  of  these  interesting 
forms. 

With  the  exception  of  a  few  outliers  along  Contentnea  Creek  and 
in  Harnett  and  Moore  counties,  outcrops  of  the  Trent  formation  are 
confined  to  the  area  lying  between  the  ^N'euse  and  Cape  Fear  rivers  and 
extending  from  New  Bern  westward  to  Raleigh.  In  Jones  County  it 
attains  its  greatest  development.  It  outcrops  as  continuous  strata  for 
many  miles  along  the  Trent  River  and  its  tributaries,  and  apparently 
underlies  the  entire  western  part  of  the  county,  though  concealed  from 
view  except  in  the  stream  valleys.  In  Craven  County  it  outcrops  in 
several  places  along  the  Xeuse  River  west  of  New  Bern  and  along  the 
Trent  River  between  New  Bern  and  PoUoksville.  It  probably  underlies 
the  greater  part  of  that  portion  of  the  country  lying  south  of  the  Xeuse 
River  and  west  of  New  Bern.  In  Pitt  and  Greene  counties  it  is  reported 
to  occur  along  Contentnea  Creek  in  the  vicinity  of  Snow  Hill.  In 
Lenoir  County  it  outcrops  along  the  Xeuse  River  a -few  miles  below 
Kinston,  and  it  is  believed  to  underlie  the  Miocene  and  Pleistocene  of 
the  southern  part  of  the  county,  though  no  exposures  are  known.  It  is 
exposed  in  several  places  along  the  Xew  River  in  and  near  Jacksonville. 

In  Wayne  County  the  Trent  formation  is  discontinuous,  but  outcrops 
in  several  places.  In  the  Sarpony  Hills,  on  the  south  side  of  the  Xeuse 
12 
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River  southeast  of  Goldsboro,  limestones  belonging  to  this  formation 
have  been  quarried  and  burned  for  lime.  West  of  Goldsboro,  near  the 
junction  of  Falling  Creek  and  the  Neuse  River,  similar  limestones 
occupy  a  few  small  depressions  in  the  crystalline  rocks.  In  the  southern 
part  of  the  county  strata  belonging  to  this  formation  have  been  exposed 
in  marl  pits  in  the  vicinity  of  Mount  Olive. 

Eocene  strata  referred  to  the  Trent  formation  are  represented  in  the 
northern  and  western  portions  of  Duplin  County,  especially  near  Faison. 
The  somewhat  calcareous  sand  exposed  in  the  Natural  Well  near  Mag- 
nolia has  been  thought  by  some  to  belong  to  the  same  horizon,  though 
there  seems  to  be  no  sufficient  reason  for  such  correlation. 

In  Sampson  County  this  formation  has  furnished  limestone  used  in 
the  manufacture  of  lime.  It  occurs  in  isolated  areas  in  the  southeast- 
ern portion  of  the  county  along  Six  Runs  River.  -In  Bladen  and 
Columbus  counties  there  are  a  few  doubtful  exposures  of  Trent  strata 
along  the  Cape  Fear  River. 

The  outliers  of  this  formation  in  the  Piedmont  district  indicate  a 
much  wider  distribution  at  an  earlier  period.  They  are  found  in  small 
patches  near  Auburn  in  Wake  County,  a  few  miles  northeast  of  Spout 
Springs  in  Harnett  County,  and  in  the  southeast  corner  of  Moore 
County.  In  all  probability  these  isolated  areas  were  at  one  time  con- 
nected with  each  other  and  also  with  the  main  mass  of  the  same  forma- 
tion lying  farther  east.  We  have  evidence  to  show  that  part  of  the 
missing  Eocene  strata  were  removed  before  Miocene  time,  as  the  Mio- 
cene strata  in  some  places  rest  directly  upon  the  Cretaceous,  while  similar 
evidence  in  the  Wilmingt(jn  region,  where  the  Castle  Hayne  and  Peedee 
formations  are  in  contact,  indicate  that  the  Trent  was  probably  exten- 
sively eroded  before  the  deposition  of  the  later  Eocene.  Of  course  it 
is  possible  that  the  Trent  was  never  deposited  there,  though  that  seems 
unlikely,  since  there  is  no  evidence  of  the  existence  of  any  land  barrier 
shutting  out  the  ocean  waters  such  as  would  have  existed  if  the  coast 
region  had  been  a  land  area  during  Trent  time.  Instead,  the  character 
of  the  fossils  and  the  lithological  materials  constituting  the  formation 
indicate  the  place  of  deposition  to  have  been  the  open  ocean. 

In  South  Carolina  there  are  Eocene  strata  which  are  similar  litho- 
logically  and  perhaps  faunally,  though  this  has  not  yet  been  determined, 
to  the  Trent  deposits.  It  seems  probable  that  these  areas  were  likewise 
continuous  at  one  time,  though  now  separated  by  a  considerable  dis- 
tance. It  seems  less  probable,  however,  that  the  Trent  formation  was 
ever  continuous  with  any  of  the  Eocene  strata  of  Virginia,  as  they  are 
so  dissimilar  both  in  faunal  and  lithologic  characters.  It  is  not  unlikely 
that  the  Coastal  Plain  region  of  northern  Xorth  Carolina  and  southern 
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Virginia  was  a  land  area  during  the  deposition  of  the  Trent,  and  the 
formation  did  not  extend  much  farther  north  than  its  present  position. 
Structure, — As  is  true  of  all  the  strata  of  the  Coastal  Plain,  the 
structure  of  the  Trent  formation  is  extremely  simple.  The  beds  in 
some  places  are  practically  horizontal,  but,  in  general,  dip  toward  the 
ocean  at  the  rate  of  about  3  to  5  feet  per  mile. 

Detailed  Sections. 

Spring  Garden  Landing,  Neuse  River. — ^A  hard  white  Eocene  lime- 
stone rises  in  the  low  river  bank  about  3^  feet  above  the  level  of  the 
water  in  the  river.  The  limestone  contains  many  fossil  casts,  the  shell 
substance  is  entirely  gone,  and  the  cavities  are  usually  filled  with  cal- 
cite  crystals.  In  places  the  cavities  have  not  been  filled.  This  rock 
has  been  used  for  buhrstones. 

The  fossils  present,  though  numerous,  are  not  varied. 

Above  the  rock  occurs  thinly  laminated  drab  clay  and  gray  sand  of 
Pleistocene  age  with  an  average  thickness  of  about  10  feet. 

In  the  river  bank  the  Eocene  is  well  exposed. 

SECTION  ROCK  LANDING,  NEUSE  RIVER. 
Pleistocene:  Feet. 
Yellowish-brown  loam  and  sand  with  a  few  small  pebbles,  princi- 
pally concealed  by  vegetation 3-8 

Eocene  (Trent)  : 

Hard,  firmly  Indurated  white  limestone  filled  with  casts  and 
moulds  of  fossils,  the  shell  substance  having  been  largely  re- 
moved, leaving  cavities  which,  in  some  places,  have  been  filled 
with  calcite  crystals.    Grades  into  next  member 4^^ 

Less  firmly  indurated  limestone  containing  pockets  of  brownish- 
gray  sand,  many  hard  nodules  of  brown  sandstone  bored  by 
Teredo,  and  fossils,  many  of  which  preserve  the  shell  struc- 
ture, especially  Pecten,  Ostrea,  and  Echinoids.  Grades  into 
members  below  and  above 1 

Loose  brownish  to  yellowish-gray  quartz  sand  with  many  small 
black  grains,  principally  magnetite;  contains  no  fossils.  Ex- 
posed to  water's  edge 5 

The  indurated  layer  in  the  above  section  is  the  one  exposed  at  Spring 
Garden  Landing,  and  it  also  outcrops  along  many  small  streams  south 
and  southeast  of  Rock  Landing.  About  2  miles  south  of  Rock  Landing 
it  outcrops  as  a  continuous  ledge  about  4  feet  in  thickness  at  the  head 
of  a  small  stream  for  a  distance  of  about  l/o  mile.  Many  excellent 
springs  issue  from  beneath  it. 

Biddle  Landing,  Neuse  River. — Here  there  is  a  thickness  of  about  20 
feet  of  Eocene  sandy  limestone  exposed.     In  places  the  gray  calcareous 


180  THE  COASTAL  PLAIN  OF  NORTH  CABOLINA. 

sand  filled  with  tiny  shell  fragments  is  uncemented,  but,  in  most  places, 
it  is  cemented  and  in  certain  places  very  firmly.  The  shell  fragments 
cannot  be  distinguished  in  some  of  the  layers,  as  the  lime  has  been 
removed  and  reprecipitated.  Sharks'  teeth,  Pectens,  Echinoid  spines, 
Bryozoa,  Scutella,  and  Ostrea  were  found.  Bryozoa  and  Ostrea  are  espe- 
cially abundant.  The  material  bears  some  resemblance  to  the  Eocene 
at  Wilmington,  though  it  is  at  present  referred  provisionally  to  the 
Trent  formation. 

The  fragmental  shell  rock  shows  cross-bedding,  with  the  laminae 
dipping  rather  steeply  downstream. 

SECTION  RIGHT  BANK  OF  NEUSE  RIVER,  17i  MILES  BELOW  KINSTON. 

Pleistocene:  peet.  inches. 

Pleistocene  sand  and  loam  not  well  exposed 8-12 

Eocene  (Trent)  : 

Black  laminated  clay,  weathering  white  on  exposure 7-12 

Pebble  band  consisting  of  black  pebbles  and  containing  frag- 
ments of  sharks*  teeth,  Belemnitella,  Oryphea,  and  Exo- 
gyra,  which  have  been  derived  from  the  Cretaceous 8 

Cretaceous  (Peedee)  : 

Glauconitic  sandy  clay  containing  many  fossils  exposed  to 
within  3  feet  of  water,  where  it  is  hidden  from  view 11 

The  unconformity  between  the  Eocene  and  the  Cretaceous  is  well 
shown  in  this  locality.  At  one  place  the  basal  stratum  of  the  Eocene  is 
14  feet  above  water.  It  inclines  to  the  north  to  the  water^s  edge,  then 
rises  and  remains  about  7  feet  above  water  for  a  considerable  distance. 

SECTION  NEUSE  RIVER,  6i  MILES  BELOW  KINSTON. 

Pleistocene:  Feet,  inches. 

Disturbed  Pleistocene  clay 2%-3 

Drab  shaly  clay,  no  fossils 1^ 

Eocene  (Trent)  : 

Band  of  black  water-worn  pebbles,  some  of  the  pebbles  fos- 
siliferous,  some  crystalline,  in  matrix  of  gray  sand 8 

Cretaceous  (Peedee)  : 

Micaceous,  greenish-black  argillaceous  sand 7 


The  Eocene  material  contains  some  concretions  of  very  hard  cemented 
quartz  sand,  both  black  and  white,  containing  some  small  shells.  The 
black  pebbles  seem  to  be  phosphatic.  Among  them  were  recognized  a 
few  greatly  worn  sharks'  teeth  and  small  pieces  of  bone. 

Broadhursts  Bridge,  Neuse  River,  82  1-Jf.  Miles  Above  New  Bern. — 
Eocene  limestone  appears  on  right  bank  of  stream  on  both  sides  of  the 
bridge.    It  can  be  seen  rising  about  4  feet  above  the  water  in  one  place. 
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Echinoids,  sharks'  teeth,  etc.,  are  present.  A  few  rods  downstream 
the  marine  Cretaceous  appears,  while  %  ndle  above  the  bluff,  where 
the  other  Eocene  section  described  below  is  exposed,  the  Cretaceous  also 
appears.    This  shows  that  the  Eocene  occupies  a  basin  in  the  Cretaceous. 

SECTION  JUST  ABOVE  83  MILEPOST,  NEUSE  RIVER. 

Pleistocene :  *  Feet. 

Talus-covered  slope    25-35 

Eocene  (Trent)  : 

White   to   greenish-white  soft   limestone   containing   some   fossil 
casts.    Pecten   Is   common.    Limestone   contains   some   glauco- 

nite    40 

Greenish-blue,  hard,  argillaceous  limestone,  with  echinold  spines, 

portions  of  echinold  tests,  etc 6 

The  limestone  has  been  burned  for  lime. 

On  the  farm  of  D.  L.  Flowers,  about  3  miles  directly  west  of  Mount 
Olive,  there  is  a  marl  pit  from  which  marl  is  taken  for  fertilizing 
purposes.  The  marl  consists  principally  of  a  rotten  limestone  contain- 
ing many  fragments  of  shells.  Casts  of  bivalves,  fragments  of  Echi- 
noderm  tests  and  spines  were  observed.  Lithologically,  the  material 
resembles  the  other  Eocene  of  the  region.  The  pits  are  located  near  a 
small  branch.  A  few  feet  of  surface  clays  are  stripped  off  and  pits  are 
dug  to  a  depth  of  about  25  feet  in  the  marl.  The  material  is  very 
dry,  no  water  interfering  with  the  digging.  After  exposure  to  the  air 
the  marl  soon  crumbles  to  powder. 

One  pit  penetrated  the  marl  at  25  feet.  One  pit  23  feet  in  depth  did 
not  pass  jhrough  it.  Near  the  upper  surface  the  marl  is  of  a  light  yel- 
lowish color,  but  deeper  it  is  of  a  very  pale  greenish  color. 

About  100  yards  to  the  west  of  the  pits,  on  the  other  side  of  the 
branch,  a  well  was  drilled  to  a  depth  of  151  feet.  It  is  perhaps  20  feet 
below  general  level  of  the  surrounding  country.  The  water  rises  near 
enough  to  the  surface  to  pump  with  a  pitcher  pump. 

SECTION  3  MILES  WEST  OF  MOUNT  OLIVE. 

Pleistocene:  Feet. 

Sand  and  clay 0-  12 

Eocene  (Trent)  : 

Marl  similar  to  that  In  marl  pit 12-150 

The  water  comes  from  just  below  the  marl,  from  material  containing 
small  leaves  resembling  cypress  leaves,  probably  of  Cretaceous  age. 

About  1  mile  west  of  Mount  Olive  marl  is  reported  which  contains 
an  abundance  of  sharks'  teeth. 

Marl  is  also  reported  to  the  northwest  of  Mount  Olive  1  mile,  and 
to  the  east  2  miles. 
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Marl  has  been  dug  for  fertilizing  purposes  about  3  miles  to  the  south- 
east of  Mount  Olive. 

Junction  of  Falling  Creek  and  Neuse  River. — At  this  place  Eocene 
marl  has  been  dug  within  the  last  few  years.  It  consists  of  calcareous 
sand,  rather  firmly  cemented  in  certain  places  and  containing  many 
fossils,  particularly  Bryozoans,  Echinoids,  bones,  and  sharks'  teeth.  The 
marl  occupies  a  depression  in  the  crystalline  rocks,  which  are  exposed  a 
few  rods  away.  This  is  the  locality  referred  to  by  Olmsted  in  1827. 
Similar  marl  is  reported  from  a  few  other  localities  in  the  immediate 
vicinity. 

Roch  Spring,  Jf.  Miles  Above  New  Bern  on  Right  Bank  of  Trent  River, 
Shell  rock  of  Eocene  age  appears  in  bank  about  3  feet  above  high  tide. 
It  contains  an  abundance  of  casts  and  impressions  of  fossils.  It  is  over- 
lain by  yellowish-colored  Pleistocene  sand  containing  small  pebbles.  At 
the  base  there  is  some  glauconite,  presumably  derived  from  the  Cre- 
taceous. 

White  Rock  Landing,  Left  Bank  of  Trent  River,  About  12-13  Miles 
Above  New  Bern, — The  Eocene  limestone  appears  here  and  rises  about 
15  feet  above  the  water.  Casts  of  fossils  are  numerous.  The  Eocene  is 
overlain  by  about  15  feet  of  Pleistocene  strata  consisting  principally  of 
yellowish-brown,  loamy  clay,  containing  some  small  pebbles.  The  same 
stratum  of  Eocene  rock  is  exposed  at  many  other  places  along  Trent 
River  in  the  same  vicinity. 

SECTION  NORTH  END  OF  A.  C.  L.  BRIDGE,    POLLOKSVILLE,  N.  C.    NEW  BERN 

QUADRANGLE. 

Pleistocene:  fket. 

Several  feet  of  sand  or  sandy  loam  poorly  exposed 3-10 

Eocene: 

Massive  beds  of  Ostrea  georgiana  with  yellow  sand  matrix.  No 
other  form  was  seen,  except  possibly  another  species  of  oyster 
and  a  few  barnacles  attached  to  oysters.  The  largest  oyster 
measured  about  12 ^^  inches  in  length.  To  water's  edge,  Trent 
River   15 

The  exact  thickness  of  the  shell  bed  is  rendered  somewhat  uncertain 
by  the  fact  that  some  mixing  has  taken  place  in  digging  the  cut,  and  it 
has  been  further  obscured  by  growth  of  weeds,  grass,  etc.  The  oysters 
are  long,  thick,  massive,  and  heavy.  They  are  very  rotten  and  crumble 
so  easily  that  it  is  almost  impossible  to  secure  perfect  specimens. 

The  snme  bed  of  oysters  is  exposed  in  the  cut  about  100  yards  south  of 
the  Polloksville  depot.  It  differs  from  the  preceding,  however,  in 
that  portions  of  the  upper  part  are  indurated.  The  indurated  portions 
are  irregular  in  form,  not  in  layers,  and  in  places  are  several  feet  in 
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thickness.  They  consist  of  hard,  more  or  less  siliceous  fossiliferous  lime- 
stone, similar  lithologically  to  portions  of  the  Eocene  rock  at  Wil- 
mington. 

In  the  upper  portion  of  this  bed,  especially  in  the  indurated  material, 
several  other  forms  occur  besides  the  Ostrea  and  Balanus,  with  which 
they  are  closely  associated.  Some  of  these  found  are:  Echinoderms, 
Cardium,  encrusting  Bryozoa,  one  small  specimen  of  branching  Bryozoa, 
sharks'  teeth,  several  Pelecypods  and  Gastropods. 

TRENT  RIVER,  LEFT  BANK;   i  MILE   ABOVE  POLLOKSVILLE,  AND  JUST  BELOW 

THE  NORFOLK  SOUTHERN  RAILROAD  BRIDGE. 
FARM  OF  DR.  HUGHES. 

The  same  bed  of  oysters  exposed  at  PoUoksville  is  exposed  in  old  marl 
pits.  In  one  fresh  cutting  the  marl  rises  10  feet  above  water's  edge. 
The  matrix  is  a  greenish-gray  sand,  more  or  less  mottled  with  yellow. 
Nothing  was  observed  but  large  oysters  and  barnacles.  There  is  also 
an  old  marl  pit  just  above  the  bridge. 

One  Mile  East  of  Olivers, — Along  the  roadside  west  of  Mill  Run,  1 
mile  east  of  Olivers,  there  is  an  exposure  of  about  4%  feet  of  Eocene. 
It  consists  of  a  medium  coarse,  buff  to  yellow  sand,  containing  irregular 
masses  of  limestone  varying  in  diameter  from  1  to  14  inches.  The 
limestone  contains  fossil  impressions.  In  the  loose  sand  and  also  in 
the  limestone  masses  are  numerous  small  sharks'  teeth. 

One  Mile  Southwest  of  Olivers, — On  tributary  branches  of  Mill  Run, 
about  1^2  miles  southwest  of  Olivers,  Mr.  John  C.  Parker  has  dug 
Eocene  marl  for  fertilizing  purposes.  The  marl  consists  almost  entirely 
of  Ostrea  georgiana,  some  specimens  of  which  were  20  inches  long  and 
are  usuaUy  found  in  an  upright  position  in  the  matrix  of  sand.  The  marl 
bed  lies  about  4  feet  from  the  surface  and  is  about  6  feet  thick.  He  has 
used  it  extensively  on  his  fields  and  has  burned  some  of  the  shells  for 
lime.  Farther  up  the  creek  the  marl  is  said  to  consist  of  disintegrated 
fine  shells  and  sand.    It  is  not  exposed. 

SECTION  WHITE  BANK  LANDING,  TRENT  RIVER.       . 

Pleistocene:  Pbht. 

Yellowish-brown,  sandy  loam,  passing  downward  into  very  loose, 
fine,  mealy,  white  to  buff,  stratified  saud,  in  which  are  many 
lenses  of  small  quartz  pebbles 20 

Eocene  (Trent)  : 

Gray  to  greenish -gray,  fine  marly  sand,  containing  quantities  of 
Bryozoa  of  various  kinds  and  some  PectenSj  Ostrea,  and  Echi- 
noids.  One  good  specimen  of  Scutella  was  found.  The  most 
common  Bryozoa  are  colonial  forms,  in  which  the  mass  looks, 
in  shape  and  size,  much  like  an  Echinoid,    To  water's  edge 8 
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A  short  distance  above  the  bridge  tbe  Eocene  limestone  is  well  exposed. 
Section  is  as  follows: 

.SECTION  TRENT  RIVER  AT  TRENTOX. 

PleiJftocene:  Feet. 

Kaiid  and  UjaoL  with  some  ^arel  largely  concealed  bj  ve^etatitNi.  15-20 

i/i^x:efie   <  York  town  ?  > : 

Fiiie,  mealy,  buff  to  orange  sand 3-4 

f^Mseue  ^ Trent; : 

IJmi^tone  or  marly  sand.  When  dry  It  becomes  hard  and  firm, 
thongh  not  compact  but  when  wet  it  can  easily  be  dug  with  tlie 
hammer.  Contains  Bryozoa,  Echinoids^  Pecten,  Ostrea,  and 
/'jiHtK  of  nuiui>er»  of  other  Pelecijpod^,  and  also  Gastropods.  Ex- 
IMfhttl  to  water 5 

TluK  limc'Htone  forms  almost  continuous  outcrops  for  a  distance  of 
tyfiVftral  miles  along  the  Trent  River  in  the  vicinity  of  Trenton. 

An  arteflian  well  on  the  property  of  T.  A.  Windley,  in  Trenton  and 
on  the  Trent  River  bank,  which  is  about  25  feet  high^  showed  the  fol- 
lowing wet  ion: 

SECTION  ON  PROPERTY  OF  T.  A.  WINDLEY. 

I*  If 'Ant  Oi'tmi'. :  Feet. 

I/mm   and   sand 25 

Kocf-ne  (Trent)  : 

Hof t  lliriewf one,  somewhat  porous 5 

H<'low  the  f\\)t)\e  layer,  sandy  marl  with  occasional  pieces  of  rock 
were  encountered  to  bottom  of  well,  which  is  in  hard  rock 68 

It  Heems  that  all  but  the  upper  25  feet  is  Eocene,  which  makes  it  73 
if*Mi  thick. 

litavHr  drfck,  2  Miles  Xorthwest  of  Wilcox  Bridge,  on  Trent  River. — 
At  tliiH  place  a  fine  Eocene  sand  has  been  dug,  evidently  for  building 
fiurfKiH^'H.  It  is  light  greenish-gray  in  color.  In  the  bank  it  is  hard 
aij^I  eornjiuct,  but  a  pile  of  it  near  the  pit  is  very  loose  and  soft.  The 
Hand  eontains  numerous  fossils,  though  these  are  not  readily  obser\'ed 
exr'ept  on  the  weathered  surface  of  the  pile  of  sand.  Bryozoa  are  most 
«hundant,  though  a  F oraminif era  (Frondicularia?),  sharks'  teeth, 
fntfiiiU'UiH  of  bones,  Ostrea,  Echinoid  spines  and  fragment  of  an  Echi- 
uoirj  te.Ht  were  also  found.  Similar  sand  is  exposed  along  the  east  side 
of  Heath  Mill  Run,  1-3  mile  east  of  Foys  Station. 

Jacksonville,  N,  C,  East  End  of  Bridge  over  New  River, — A  hard 
foHHJliferouH  Eocene  lim('Stono  outcrops  at  this  point,  resting  about  8 
feet  alK>ve  high- water  level. 

Tv'o  and  One-Half  Miles  South  of  Richland, — Where  the  Richland- 
Jaeksonvillo  road  crosses  a  small  branch  a  hard  white  limestone  is 
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exposed  in  the  roadbed  a  few  feet  above  the  level  of  the  water  in  the 
stream.  Lithologically,  it  resembles  the  limestone  exposed  at  many 
places  along  the  Trent  Kiver. 

Bock  of  a  similar  character  is  exposed  where  the  same  road  crosses 
the  iN'ew  River,  about  1  mile  south  of  Richland. 

Two  Miles  Northeast  of  Jacksonville, — At  this  point  marl  has  been 
dug  for  fertilizing  purposes.  It  consists  of  a  rather  rotten  fossiliferous 
limestone  which  contains  some  Echinoids. 

Three  Miles  Northeast  of  Spout  Springs,  Harnett  County,  Near 
Reedy  Swamp,  Head  of  Jumping  Run. — The  Trent  formation  occurs 
at  this  point,  but  is  poorly  exposed.  It  consists  of  a  light  colored,  some- 
what chalky  limestone  which  is  somewhat  siliceous  in  places.  It  is  soft 
when  first  removed,  but  hardens  on  exposure.  It  contains  some  fossil 
Bryozoa  and  Echinoderms,  The  outcrop  is  near  the  top  of  the  hill  and 
probably  caps  it.  A  short  distance  away  a  similar  hill  is  capped  with  a 
ferruginous  sandstone,  which  probably  contains  the  same  stratum  of 
Trent  limestone,  though  it  is  not  exposed.  Similar  mate^al  is  also 
reported  west  of  Spout  Springs. 

CASTLE  HAYNE  LIMESTONE. 

Name. — Up  to  the  present  time  no  attempt  has  been  made  to  difiEer- 
entiate  the  Eocene  strata  of  2^orth  Carolina,  and  therefore  the  name 
Castle  Hayne  is  proposed  for  those  beds  that  constitute  the  upper  Eocene 
horizon  of  the  State.  The  name  is  especially  appropriate,  because  the 
exposures  of  this  formation  in  the  vicinity  of  the  town  of  Castle  Hayne 
are  typical  of  the  formation,  and  also  because  the  section  exposed  at 
this  locality  has  been  described  in  the  literature  at  several  different 
times. 

Definition. — The  Castle  Hayne  formation  constitutes  the  youngest 
Eocene  strata  of  North  Carolina  and  consists  of  calcareous  marls,  fos- 
siliferous limestones,  and  conglomerates  that  are  extensively  developed 
in  Onslow,  Pender,  and  New  Hanover  counties.  The  deposits  rest  upon 
older  strata  of  Cretaceous  or  Eocene  age  and  are  in  turn  succeeded  and 
overlain  by  deposits  belonging  to  the  Miocene,  Pliocene,  and  Pleistocene. 

The  Castle  Hayne  formation,  so  far  as  observations  of  outcrops  can 
determine,  everywhere  rests  unconformably  upon  marine  Cretaceous 
strata.  The  fossils  which  it  contains  indicate  a  younger  formation  than 
the  Trent,  yet  the  two  have  not  been  observed  in  contact.  It  is  probable 
that  the  two  are  in  contact  in  the  region  lying  to  the  southeast  of  Wil- 
mington, as  revealed  by  well  records.  They  must  be  unconformable,  as 
the  evidence  of  an  erosion  period  between  the  deposition  of  the  two 
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formations  has  been  given  on  an  earlier  page.  At  numerous  placefe 
along  the  Northeast  Cape  Fear  River  the  Castle  Hayne  can  be  seen 
resting  directly  upon  the  Peedee,  while  it  is  in  turn  overlain,  uncon- 
formablj,  by  the  Miocene  or.  some  member  of  the  Pleistocene. 

In  the  city  rock  quarry  at  Wilmington  small  patches  of  Miocene  shell 
marl  occupy  pockets  of  solution  in  the  surface  of  the  eroded  Castle 
Hayne  limestone.  Thus  we  have  evidence  of"  an  uplift  of  the  region 
forming  land  and  resulting  in  a  period  of  erosion  preceding  and  fol- 
lowing the  deposition  of  the  strata  constituting  the  Castle  Hayne  for- 
mation, and  causing  it  to  be  unconformable  with  both  the  underlying 
and  overlying  beds. 

The  Castle  Hayne  formation,  as  shown  in  the  detailed  sections  given 
on  a  later  page,  contains  several  different  kinds  of  materials.  The 
most  common  constituent,  however,  is  fossiliferous  limestone  of  vary- 
ing hardness  and  purity.  At  Rocky  Point  on  the  Northeast  Cape  Fear 
River  this  limestone  is  well  developed  and  has  given  the  name  to  the 
locality  because  of  its  outcropping  at  that  place.  It  has  been  quarried 
there  for  tionstructional  purposes.  At  the  city  rock  quarry  just  north 
of  Wilmington  the  limestone  is  jSrmly  cemented  in  certain  parts,  while 
it  consists  of  a  loose,  calcareous  marl  in  other  portions.  It  contains 
many  holes  of  solution  and  pockets  of  glauconitic  sand  and  clay  that 
have  been  deposited  in  solution  cavities.  The  limestone  in  most  places 
contains  many  fossils,  particularly  Bryozoa  and  Echinodermaia,  In 
certain  places  the  bulk  of  the  rock  consists  of  the  remains  of  Bryozoa, 

At  the  base  of  the  formation  there  is  a  layer  of  pebbles  and  cobbles 
that  is  well  developed  in  the  rock  quarries  at  Castle  Hayne  and  along 
Smith  Creek.  The  pebbles  are  black  in  color  and  are  rich  in  calcium 
phosphate.  Associated  with  them  are  many  water-worn  Cretaceous 
fossils,  principally  in  the  form  of  casts.  Sharks'  teeth  are  especially 
abundant  in  this  layer  in  the  Castle  Hayne  rock  quarry.  This  pebble 
layer  is  firmly  cemented  in  certain  places  to  form  a  hard  conglomerate. 

Thiclmess. — The  Castle  Havne  formation  does  not  attain  any  eonsid- 
erable  thickness  at  any  place  where  it  outcrops.  Where  it  has  been 
penetrated  by  well  borings  it  has  not  been  possible  to  determine  where 
the  line  separating  the  Castle  Hayne  and  Trent  formations  comes.  So 
far  as  we  know,  the  deposits  of  the  former  are  not  so  thick  as  the  latter, 
wliich  wo  know  to  be  over  70  feet  thick  and  probably  somewhat  more 
than  100  feet.  If,  therefore,  we  refer  100  feet  of  the  Eocene  materials 
penetrated  in  the  wells  at  Greenville  Sound  and  Masonboro  Sound  to 
the  Trent,  there  remains  only  30  to  35  feet  of  Castle  Hayne  materials. 
Though  the  formation  may  be  somewhat  thicker  elsewhere,  it  seems 
probable  that  it  nowhere  exceeds  50  feet. 
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The  fossils  of  the  Castle  Hayne  formation  have,  as  yet,  received  little 
attention  apart  from  the  slight  investigations  made  by  several  persons 
to  show  the  commingling  of  Cretaceous  and  Eocene  iojrms  in  the  basal 
beds  at  Wilmington  and  Castle  Hayne.  It  is  now  generally  believed 
that  the  Cretaceous  fossils  have  been  derived  from  the  underlying 
Peedee  beds,  though,  in  some  cases,  they  show  no  evidence  of  having 
been  water-worn.  The  Mollusca  constitute  a  considerable  portion  of 
the  Castle  Hayne,  though  of  much  less  importance  relatively  than  in 
the  succeeding  formations  of  the  Miocene.  The  Bryozoa  are  repre- 
sented by  quantities  of  specimens  and  numerous  species  in  almost  every 
stratum  of  the  formation,  while  the  Echinodermata  are  abundant.  Per- 
fectly preserved  tests  of  Echinoids  are  common  in  the  limestones  at 
both  Wilmington  and  Castle  Hayne,  while  loose  spines  are  found  asso- 
ciated with  the  Bryozoan  remains.  The  great  quantity  of  specimens  of 
the  Brachiopod,  Terebratula  tvilmingtonensis,  is  another  interesting 
feature  of  the  fauna  of  this  formation.  This  species  is  peculiar  in  that 
the  different  specimens  show  such  a  wide  range  of  variation. 

The  following  fossils  have  been  obtained  from  the  city  rock  quarry 
at  Wilmington.  Dr.  T.  Wayland  Vaughan  has  determined  the  corals, 
recognizing  the  following  forms : 

Anthozoa  : 
FlaheUum  sp. 
Madracis  sp. 
Endopachys  macJurei  (Lea). 

Balanophyllia  sp. 

• 

Dr.  M.  W.  Twitchell  has  determined  the  Echinoids.    He  recognizes — 

ECHINOIDEA  : 

(Jassidulus  (Pyrforhynchua)  lyclll  Conrad. 

Cassidulus  (Rhynchopygua)  n.  sp. 

Echinolampua  appendiculatua  Emmons. 

Hemipatagua  sp. 

Scutella  lyelli  Conrad. 

Clypeaater  (?)  sp.  (may  be  young  Scutella). 

Miss  Julia  A.  Gardner  has  determined  the  following  bryozoans,  brach- 
iopods,  and  moUusks : 

Bbtozoa  :  Gastropoda  : 

lAinulitea  diatana  Lonsdale.  Bulla  (?)  sp. 

Braghiofooa:  CaUjptrea  (?)  trochifonnia  Lamarck. 

Rhynchonella  aalpinx  Dall.  Cassia  (?)  sp. 

Terehratulina  lachryma  Morton.  Cerithiopaia  sp. 

Terebratula  tcilmingtonensia  Lyell  Couus  gyratus  Conrad, 

and  Sowerby.  Conua  sp. 


Scala  sp. 

Scaphella  cf,  ocalana  Da  11. 
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Crucihulum  sp.  Pelecypoda: 

Cypraea  sp.  ^rca  sp. 

Lovifonnis  (?)  trabeal u s  Counxd,  Cardittw  sp. 

Maryinella  sp.    '  Crtusatellitea  alius  Conrad. 

Alelongena  (?)  sp.  Crassatellites  Bp. 

Mitra  sp.  cf.  undesc.  sp.  from  Ocala,  tJxogyra  costata  Morton. 

Pjjj  laocardia  sp. 

Mitra  n)  sp.  ifo<fto/««sp. 

OHva  (?)  sp.  ^^'^^^  «P- 

Puncturella  sp.  ^"'^f''^^  «P- 

Sca^a  octolineata  Conrad.  PAoladomya  ( ?)  clathofnensis  Aid- 

rich. 
Phohidomya  sp.  cf.  undes.  sp. 
from  Cretaceous  of  Wilmington. 
Scrpulorhts  (?)  sp.  ^^^^^^^  memdranno^u*  Morton. 

^iUquaria  ( ?)  ti7/«  Conrad.  ^,^^^^^^  sdntillatus  Conrad. 

Strombus    sp.  Plicatula  filamentosa  Conrad. 

Triforia  (?)  sp.  Spondylus  dumosus  Conrad. 

Twr[>//ie//a  sp.  Ta^eZtw  (?)  sp. 

SiUquaria  (?)  vi7/«  Conrad.  TeUina  (?)  sp. 

Volutilitlies  sp.  Vcnericardia  sp. 

Xcnophota  conchliophora  Born.  IcnJcZ/a  sp. 

Cephalopoda  : 
Xautilus  sp. 
Aft/ria  sp. 

Sufficient  data  have  not  been  obtained  to  determine  definitely  the 
limits  of  the  Castle  Hayne  formation.  The  type  section  is  exposed  in 
the  quarries  near  Castle  Hayne,  while  the  section  exposed  in  the  quar- 
ries on  Smith  Creek  just  north  of  Wilmington  is  similar.  The  Eocene 
strata  that  outcrop  at  frequent  intervals  along  the  Northeast  Cape  Fear 
River  as  far  as  Chinquapin  Landing,  79  miles  above  Wilmington,  seem 
to  belong  to  the  same  formation  as  far  as  their  lithologic  character  is 
concerned.  At  Black  Rock  Landing  on  the  Cape  Fear  River,  37  miles 
above  Wilmington,  the  formation  again  outcrops.  In  the  vicinity  of 
Elpaso,  Brunswick  County,  it  is  exposed  in  several  places,  while  it  has 
been  penetrated  by  the  drill  in  several  deep  wells  east  and  southeast  of 
Wilmington. 

The  Castle  Hayno  formation  mainly  occupies  depressions  in  the  sur- 
face of  the  Cretaceous  and  occurs  in  isolated  areas  usually  of  rather 
small  extent.  Under  these  conditions  the  structure  is  not  readily  ob- 
tained. So  far  as  known,  the  strata  seem  to  be  practically  horizontal  or 
with  a  very  slight  dip  in  the  direction  of  the  ocean  similar  to  most  of 
the  other  formations  of  the  Coastal  Plain.  There  is  no  evidence  of 
the  formation  having  suffered  deformation,  though  it  has  undoubtedly 
been  elevated  and  depressed  several  different  times  since  its  formation. 
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Detailed  Sections, 

Along  Xortheast  Cape  Fear  River  Eocene  strata  of  the  Castle 
Hayne  formation  are  exposed  at  several  places,  but  they  are  always 
thin  and  rest  unconformahly  upon  the  Cretaceous,  which  is  exposed  in 
many  of  the  sections.  At  Chinquapin  Landing,  79  miles  above  Wil- 
mington, the  limestone  rock  which  contains  many  Bryozoa,  is  exposed 
at  low  water.  Lithologically,  it  is  similar  to  the  Eocene  strata  exposed 
at  Wilmington.  Just  below  Chinquapin  Landing  a  calcareous,  slightly^ 
glauoonitic,  fossiliferous  sandstone  rises  about  2  feet  above  the  water 
and  is  similar  in  appearance  to  the  rock  at  Chinquapin  Landing. 

SECTIOX  DEEP  BOTTOM  BRIDGE,  LEFT  BANK  NORTHEAST  CAPE  FEAR  RIVER, 

JUST  BELOW  75  MILEPOST. 
Pleistocene:  Feet. 

Light  colored  loose  sand 10-12 

Eocene  (Castle  Hayne)    (?): 

Drab  laminated  clay  with  partings  of  sand 2 

'  Light  drab  laminated  clay  with  layers  of  gray  sand 3^ 

Dark  gray,  somewhat  glauconitic  sand,  rather  coarse  in  places, 
very  compact  toward  the  base.  Contains  a  few  poorly  pre- 
served specimens  of  Ostrea 9 

SECTION  ONE-EIGHTH  31JLE  BELOW  DEEP  BOTTOM  BRIDGE.  LEFT  BANK 

NORTHEAST  CAPE  FEAR  RIVER. 

Pleistocene:  feet. 
Yellow  loam,  grading  downward  into  light  drab  sandy  clay,  mot- 
tled with  red 10 

Eocene  (Castle  Hayne)    (?): 

Rusty  brown  sandy  clay,  containing  poorly  preserved  fossil  casts. .     y^-l 

Stratified  drab  sand  and  clay  mottled  with  pink 3^^ 

Loose  gray  sand,  stained  with  iron  in  places 10 

Loose  gray  sand,  containing  thin  laminte  of  drab  clay 4 

rx)ose,  coarse  yellow  sand  with  some  thin  laminte  of  drab  clay  at 

base    4 

Dark-green  glauconitic  sand 1 

Dark  drab  compact  plastic  clay 5 

Pebble  bands  composed  of  black  fossiliferous  pebbles  in  a  matrix 
of  dark-colored  argillaceous  sand.  Contains  occasional  pieces 
of  brown  lignite  and  numerous  sharks*  teeth,  some  of  which  are 
water-worn 0-^ 

Cretaceous  (Peedee)  : 

Dark  green,  glauconitic,  micaceous  sand,  containing  pebbles li^ 

In  the  two  preceding  sections  tlie  upper  strata  of  the  material  referred 
to  the  Eocene  are  probably  correctly  correlated,  though  it  is  possible 
that  certain  of  the  beds  should  be  referred  to  the  Miocene. 
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SECTION  AT  "THE  BLUFFS"  ON  NORTHEAST  CAPE  FEAR  RIVER,  6  MILES 
SOUTHEAST  OF  BURGAW,  41 J  MILES  ABOVE  WILMINGTON. 

Pleistocene:  Feet. 

Loose  white  to  yellow  sand,  containing  a  few  layers  of  drab  clay. 

Eocene  (Castle  Hayne)  : 

Loose  light  greenish-gray  micaceous  sand,  containing  considerable 
glauconite  at  base,  with  a  few  fragments  of  branching  Bryozoan 
fossils 9 

Marl  is  reported  to  occur  a  few  miles  north  of  this  locality. 

At  Rocky  Point  the  Eocene  is  well  exposed,  a  hard  layer  of  limestone 
which  is  there  developed  having  given  the  name  to  the  locality.  It 
seems  probable  that  the  Eocene  is  developed  as  a  continuous  bed  all 
along  Northeast  Cape  Fear  River,  though  in  places  it  has  probably 
been  entirely  worn  away  by  pre-Pleistocene  erosion. 

About  SOYs  miles  above  Wilmington  and  314  miles  above  Castle 
Hayne  bridge,  on  the  left  bank  of  Xortheast  Cape  Fear  River,  rotten 
fossiliferous  Eocene  rock,  similar  to  certain  layers  at  the  Castle  Hayne 
rock  quarries,  rises  7  feet  or  8  feet  above  water's  edge. 

SECTION  AT  ROCK  QUARRY.  CASTLE  HAYNE. 
Pleistocene:  Feet. 

Loose,  dry,  light-gray  sand,  fine  in  texture 1-2 

Sand,  varying  In  color,  gray  and  yellow,  and  varying  in  texture, 
coarse  to  fine 0-2 

Streak  of  clean,  pure,  white  sand,  fine  grained,  and  varying  in 
thickness,  there  being  some  pockets  or  lenses  as  much  as  2  feet 
in  thickness  0-2 

Mottled  yellow  and  pink  argillaceous  sand,  rather  hard  and  re- 
sistant when  dried  in  the  sun 2-3 

Streak  of  dark  sand,  which  may  owe  its  color  to  vegetable  matter.       0-1 

Greenish-gray  sandy  clay,  mottled  with  yellow  and  pink  in  places. 
The  brown  color  is  probably  due  to  decomposition  of  glauconite, 
and  oxidation  of  the  iron.  There  are  also  present  white  streaks, 
probably  lime.  Both  the  lime  and  the  glauconite  are  derived 
from  the  underlying  Eocene.  The  band  occurs  along  the  line  of 
unconformity 0-1 

Irregular  contact. 

Eocene  (Castle  Hayne)  : 

Fossiliferous  Eocene  limestone,  very  much  decomposed.  Cavities 
have  been  formed  In  this  limestone  by  the  solution  of  lime  by 
water.  In  places  the  cavities  have  been  partially  refilled  by  a 
deposit  of  glauconite  sand  brought  in  by  running  water.  Con- 
tains great  quantities  of  sharks*  teeth 0-8 

Solid  fossiliferous  limestone  containing  many  perfect  Echinoid  fos- 
sils           1-2 

Conglomerate,  consisting  of  dark  green  to  black  phosphate  pebbles 
up  to  3  inches  in  diameter,  also  sandstones  and  quartz  pebbles 
and  sand  grains,  all  cemented  with  lime.  This  layer  contains 
many  Cretaceous  fossils  mixed  with  characteristic  Eocene 
species  1 
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At  one  place  in  the  quarry  a  strong  spring  of  water  issues  from  a 
cavity  in  the  conglomerate  rock.  A  striking  feature  of  the  quarry 
section  is  the  manner  in  which  the  later  materials  have  heen  deposited 
upon  the  uneven  surface  of  the  Eocene,  each  layer  being  thicker  above 
the  Eocene  depression,  and  thinner  above  the  Eocene  elevations.  In  this 
manner  the  surface  of  each  successive  layer  becomes  more  nearly  level. 
The  present  surface  is  quite  level. 

The  decayed  Eocene  limestone  and  the  solid  limestone  contain  some 
grains  of  glauconite. 

Cretaceous  strata  have  been  exposed  beneath  the  Eocene  conglomerate, 
though  not  visible  at  the  present  time. 

This  locality  has  received  considerable  attention  by  several  investi- 
gators in  the  past  on  account  of  the  mingling  of  the  Cretaceous  and 
Eocene  forms  in  the  basal  layers.  The  Cretaceous  forms,  in  the  main, 
show  evidence  of  being  water-worn,  though  some  are  in  almost  perfect 
condition  and  seem  to  have  been  redeposited  without  having  undergone 
much  change. 

The  rock  from  this  quarry  has  been  extensively  used  on  the  roads 
about  Wilmington  and  makes  a  very  hard,  firm  roadbed. 

SECTION  AT  WILMINGTON,  CITY  ROCK  QUARRY.   LOCATED  ON  SMITH  CREEK. 

Pleistocene:  Feet.  Inches. 

Sandy  soil  .• 4-8 

Miocene: 

Thin,  isolated  patches  of  Miocene  shell  marl  in  depressions 
in  irregular  eroded  surface  of  the  Eocene.  The  maximum 
thickness  observed 10 

Eocene  (Castle  Hayne)  : 

Calcareous  marl  full  of  holes  of  solution  which  are  filled 
with  clay.  In  some  places  the  marl  is  quite  firmly 
cemented    6-S 

Fragmental  shell  rock,  few  entire  shells  found.  Upper  part 
cemented  to  form  hard  rock ;  lower,  loose 3  6 

Pebble  layer  with  water-worn  black  pebbles  firmly  cement- 
ed.   Contains  many  sharks*  teeth 3-4 

The  following  section  shows  the  character  of  the  materials  passed 
through  in  sinking  the  well  of  the  ice  company  owned  by  W.  E.  Worth 
&Co. 

SECTION  AT  WILMINGTON,  N.  C,  WELL  OF  ICE  COMPANY,  OWNED  BY 

W.  E.  WORTH  &  CO. 

Pleistocene:  Feet. 

Sand    20 

Miocene  (Yorktown?)  : 

Not  recognized. 
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Eocene  (Castle  Hayne  and  Trent) :  Feet. 

Calcareous  marl  interstratified  with  strata  of  shells 65 

Hard  shell  rock 4 

Shell  marl,  containing  some  water 2 

Shell  rock 6 

Shell  rock  with  cavities,  water-bearing 4 

SECTION  AT  BLACK  ROCK  LANDING.  RIGHT  BANK  OF  CAPE  FEAR  RIVER. 

37  MltES  ABOVE  WILMINGTON. 
Pleistocene:  Feet. 

Mottled  red  and  orange-yellow  sand,  passing  downward  into  a 

brownish-yellow  sandy  clay 24 

Layer  of  fine  quartz  pebbles  poorly  exposed Va-l 

Eocene  (Castle  Hayne)  : 

White  sand  containing  considerable  calcareous  material  and  in- 
closing some  fragile  fossils.  At  the  base  are  some  phosphatic 
nodules,  a  few  of  which  measure  over  6  inches  in  diameter 4 

Cretaceous: 

Dark  blue  to  black  micaceous  sandy  clay 8 

About  1  mile  south,  of  Elpaso  postoffice,  Brunswick  County,  a  solid 
Eocene  limestone  rock,  with  many  casts  of  shells,  principally  Cardium 
and  a  few  Gastropods,  outcrops  along  a  small  branch  to  the  west  of 
the  road.     In  places  the  rock  is  decidedly  arenaceous. 

The  farm  of  George  H.  Bellamy,  about  2^/^  miles  south  of  Elpaso 
postoffice,  is  in  part  underlaid  by  limestone  rock.  One  poor  exposure 
was  seen  at  a  spring  a  few  hundred  yards  from  his  residence. 

In  former  years  the  limestone  was  used  as  a  fertilizer,  and  many 
small  pieces  of  a  rather  rotten  fossiliferous  limestone  rock  may  be  seen 
scattered  about  in  nearly  all  his  fields.  A  few  fossils  were  obtained 
from  these  pieces  which  seem  to  belong  to  the  same  species  as  those 
occurring  at  the  rock  quarries  at  Wilmington  and  Castle  Hayne.  It  is 
evident,  therefore,  that  the  rock  underlying  Mr.  Bellamy's  land  repre- 
sents the  same  horizon  as  those  localities. 

Lithologically,  the  pieces  of  rock  picked  up  in  the  fields  resemble  the 
soft  rotten  rock  exposed  in  the  Wilmington  rock  quarries,  and  the  out- 
crop seen  at  the  spring  is  the  same  as  the  solid  white  limestone  over- 
lying the  phosphate  conglomerate  at  that  place. 

SECTION  OF  WELL  No.  2,  WINTER  PARK  GARDEN,  3  MILES  EAST  OF 

WILMINGTON. 
Pleistocene:  Feet. 

1.  Wiiito,  coarse,  gravelly  quartz  sand.     One  pebble  an  inch 

long,  probably  a  partially  decomposed  igneous  rock 32-    44 

2.  Very  coarse,  gravelly  quartz  sand 44-    50 
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Miocene  (York town)  :  Feet. 

3.  Shell  marl  In  a  matrix  of  gravel  and  sand.    The  following 

forms.  i)robably  all  Miocene,  were  recognized:  Olycym- 
cris  aratus  Conrad,  Veuericardia  granulata,  spines  and 
portions  of  tests  of  Echinoderma,  Leda  (?),  several  Gas- 
tropods and  several  Pelecypods 50-    54 

Eocene  (Castle  Hayne  and  Trent)  : 

4.  White,  medium  to  coarse-grained,  loose  sand  with  numerous 

fragments  of  Pelecypod  shells  and  some  Bryozoans,  The 
former  are  probably  Miocene  fallen  down  from  above, 
while  the  latter  are  Eocene 54-    57 

5.  Driller's  description:  hard  rock.    Consists  largely  of  frag- 

ments of  Bryozoa  and  other  fossils  with  much  sand,  and 
fragments  of  gray,  sandy,  limestone  rock 57-    60 

6.  Similar  to  No.  5,  but  contains  a  larger  percentage  of  lime 

in  form  of  fossil  fragments  and  a  correspondingly  less 
amount  of  sand 60-    75 

7.  Clean,  loose,  coarse,  gravelly  sand,  with  a  few  Bryozoan 

remains  75-    78 

8.  Driller's  description:   hard  rock.    White  sandy  limestone 

with  numerous  Bryozoan  remains.  Many  of  the  rock 
fragments  tinged  with  green,  probably  due  to  phosphate.     78-    83 

Marine  Cretaceous: 

9.  Dark  green,  calcareous,  finely  arenaceous  and  micaceous,  and 

slightly  glauconitic  clay.  Assigned  to  marine  Cretaceous 
because  of  its  lithologic  resemblance  to  material  of  that     , 

age  in  this  region 83-    88 

Total  depth 140 

SECTION  OF  WELL  AT  GREENVILLE  SOUND.  6  MILES  SOUTHEAST  OF 

WILMINGTON. 

Pleistocene  ( ?)  : 

No   samples 1-    35 

Eocene  (Castle  Hayne  and  Trent)  : 

1.  Gray,    medium    to    coarse-grained,    calcareous    sand    (de- 

scribed as  rock  by  driller  and  probably  indurated),  with 
numerous  fragments  of  bivalve  shells  and  branching  and 
encrusting  Bryozoans,  (This  sample  may  be  a  mixture 
of  Eocene  and  Miocene) 35-    38 

2.  Driller's  description :  soft  rock  and  sand.    White  arenaceous 

limestone  rock,  consisting  largely,  of  fragments  of  Bryo- 
zoans. branching  and  encrusting  forms 38-    50 

3.  Similar  to  sample  No.  2.  but  containing  a  much  larger  per- 

centage of  sand,  in  coarse  grains,  and,  in  addition  to  Bry- 
ozoa, contains  bivalve  fragments,  Echinodcrm  fragments, 

and  one  small  Gastropod 50-    53 

4-6.  Rather  dark  gray,  very  fine-grained,  calcareous  and  slightly 
glauconitic  sand,  with  fragments  of  Bryozoans  and  Pel- 
ecypods.    Lithologically  resembles  Cretaceous .53-  100 

■ 
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Feet. 
7.    Driller's  description:  sand  and  thin  layer  of  rock  similar 
to  Nos.  4-6,  but  contains  a  larger  percentage  of  lime  in 

form  of  fossil  fragments  and  is  lighter  in  color 100-  120 

S-9.    Driller's  description :  rock  and  sand,  similar  to  No.  7,  but  a 

still  larger  percentage  of  lime 120-  150 

10.  Driller's  description:  sand  and  thin  layers  of  rock.  White 
calcareous  sand  and  small  sand-rock  fragments,  contain- 
ing small  Bryozoans 150-  170 

Total  depth 170 

SECTION  OF  WELL  AT  MASONBORO  SOUXD.  7  OR  8  MILES  SOUTHEAST  OF 

WILMINGTON. 
Pleistocene:  Feet. 

1.    Medium-grained,  clean  white  quartz  sand 0-    15 

Eocene  (Castle  Hayne  and  Trent)  : 

2-3.    Coarse,  clean  white  quartz  sand,  with  some  rose-colored 

grains  and  occasional  white  grains  of  calcium  carbonate.     25-    45 

4.  Very  coarse,  clean  quartz  sand,  with  some  grains  of  rose 

quartz,  numerous  coarse  grains  of  glauconite,  occasional 
fragments  of  shells  and  fragments  of  two  species  of 
Bryozoans 45-    58 

5.  Soft  white  limestone  rock,  consisting  principally  of  frag- 

ments of  Bryozoans.    Very  pure  calcium  carbonate 58-    78 

6.  Medium  hard  white  limestone  rock,  consisting  largely  of 

Bryozoan  remains,  branching  and  encrusting  forms 78-    85 

7.  Soft  sandy  white  limestone  rock,  with  a  few  imperfect  Bry- 

ozoan remains ^ 85-    95 

8.  Hard  white  limestone  rock,  slij^htly  sandy,  containing  Bry- 

ozoans, both  encrusting  and  branching  forms,  in  consider- 
able numbers,  and  one  small  specimen  of  Gastropod 95-  105 

9.  Loose,    fine-grained,    calcareous,    slightly    micaceous    and 

slightly  glau(  oiiltic  gray   sand 105-  125 

10.  Loose,  fine-grained,  calcareous,  slightly  micaceous  sand,  a 
little  darker  than  the  preceding.  A  few  branching  Bry- 
ozoans     125-  135 

IL     Same  as  sample  No.  10,  but  darker  gray 135-  155 

Cretaceous  (?)  : 

12.  Coarse,  gray,  calcareous  sand  and  rock  (presumably  in 
alternate  layers),  containing  many  fragments  of  shells, 
probably  for  the  most  part  Ostrea  and  a  few  Bryozoans, 
which   may   have  fallen   down   from   above.     Lithologi- 

cally  resembles  Cretaceous loo-  105 

Total  depth 187  (?) 

SECTION  OF  WELL  AT  FORT  CASWELL  NEAR  THE  MOUTH  OF  CAPE  FEAR  RIVER. 
N.  C.  FROM  SAMPLES  FURNISHED  BY  THE  OFFICER  IN  CHARGE. 

Pleistocene:  Feet. 

1.     Loose  beach  sand,  with  small  shell  fragments 0-    30 

2-3.  Gray,  calcareous,  sandy  clay,  with  well-preserved  Pleisto- 
cene fossils,  Barnea,  Crepidula,  Xassa,  etc 30-    45 
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Feet. 
4-6.  Loose  calcareous  sand,  with  numerous  shell  fragments,  and 
in  sample  No.  6  large  pieces  of  Pleistocene  fossils  as  fol- 
lows :  Cardium  fondo,  Oatrea,  Scutella,  Crepidula;  also, 
in  sample  No.  6,  pieces  of  calcareous  sand-rock,  frag- 
ments of  peat,  iron  crusts,  and  one  fragment  of  crystal- 
line rock,  probably  granite 45-    78 

Eocene  (Castle  Hayne  and  Trent)  : 

7-8.    Yellow,  medium-grained,  calcareous  sand,  with  a  few  scat- 
tered grains  of  glauconite  and  many  fragments  of  shells, 

especially  branching  Bryozoans 78-  102 

9.    Pale  yellow,  fine-grained,  calcareous,  slightly  glauconitic 

sand  102-  109 

10.  Like  samples  7  and  8,  but  contains  numerous  small  pieces 

of  chalk-like  rock 109-110% 

11.  Pure  white,  soft,  chalk-like  rock,  without  grit  and  com- 

posed almost  entirely  of  CaCO, 110%-111 

12-22.  Yellow,  medium-grained  calcareous  sand,  with  a  large  per- 
centage of  shell  fragments,  especially  Bryozoans;  scat- 
tered grains  of  glauconite  in  some  samples Ill-  238 

23-24.    Yellow  calcareous  clay,  and  yellow  sand,  like  preceding..  238-  249 
25.    Yellow  sand  filled  with  Bryozoan  remains,  like  samples  12 

to  22 249-254 

Cretaceous  (Peedee  in  part)  : 

26-33.    Gray,  very  calcareous  clay,  with  an  admixture  of  soft  sand 

in  last  two  samples 254-  418 

34.    Gray,  calcareous,  very  glauconitic  sand 418-  419 

35-46.    Gray  calcareous  clay,  slightly  sandy  in  some  samples 419-  678 

46%.    Mixture  of  gray  calcareous  clay,  sand  and  fragments  of 

shells   678-  680 

47.     Samples  representing  680  to  690  missing 680-  690 

48-48%.    Same  as  46%,  but  contains  impure  lime  concretions  as 

much  as  1  inch  in  diameter 690-  693 

49-55%.  Gray,  argillaceous,  calcareous  sand,  with  numerous  small 
shell  fragments.  No.  50  contains  fragments  of  gray  cal- 
careous sand-rock    693-  795 

56-57.    Dark  green,  very  glauconitic,  calcareous  sand 795-  880 

58.  Mixture  of  chunks  of  dark-green  glauconitic  sand  and  gray 

calcareous  sand 880-  896 

59.  Coarse  gray  sand,  with  small  shell  fragments 896-  899 

59%.    Light  gray  argillaceous  limestone,  with  casts  of  Pelecypods 

*    and    Gastropods 896-  899 

60-65%.    Gray  calcareous,   finely  micaceous  clay,   large  pieces  of 

shells  of  Ostrea  and  Exogyra  in  last  sample 899-1140 

Age  uncertain  (possibly  Lower  Cretaceous  in  part)  : 

66.    Light  pinkish  plastic  clay 1140-1160 

67-68.    Samples  missing 1160-1200 

68%.    Gray  calcareous  clay,  with  a  mixture  of  quartz  pebbles  up 

to  %  inch  in  diameter  and  shell  fragments 1200-1237 
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Feet. 

69.  Clean,  loose,  slightly  calcareous  sand 1237-1253 

70.  Sample  missing 1253-1259 

71.  Light  gray  calcareous  clay 1259 

72-73.    Light  to  dark  pinkish  or  reddish  finely  laminated  clay 1259-1322 

74.  Light  gray  calcareous  clay,  with  an  admixture  of  small 

quartz  pebbles  as  large  as  blrdshot .1226-1334 

75.  Coarse,  argillaceous,  calcareous  sand 1342-1365 

76-76a.    Coarse  sand  and  gravel,  with  pebbles  up  to  %  inch  in 

diameter.    Also,  piece  of  gray  calcareous  sand-rock  and 
pieces  of  shells 1365-13S0 

77-78.  Very  coarse  sand,  many  of  the  grains  as  large  as  birdshot. 
with  small  particles  of  gray  calcareous  clay,  and  with 
numerous  fragments  of  shells 1380-1405 

79-80.  Coarse  sand,  with  a  large  percentage  of  small  particles 
of  gray  calcareous  clay,  scattered  grains  of  glauconite, 
and  numerous  shell  fragments,  among  them  encrusting 

Bryozoana 1405-1440 

Total    1440 

The  drilling  of  the  above  well  was  started  on  September  9,  1905,  and 
the  last  sample  was  taken  April  16,  1906. 

SECTION  OF  WELL  AT  QUARANTINE  STATION,   LOCATED  ABOUT  1  MILE  EAST 
OF  SOUTHPORT,  N.  C,  IN  CENTER  OF  CAPE  FEAR  RIVER  ESTUARY.* 

Pleistocene:  Feet. 
1-5.    Loose  beach  saud,  with  shells  and  fragments  of  shells,  prob- 
ably Pleistocene.     Sample  No.  4  is  quite  argillaceous 15-40 

6.    Light  bluish-gray,   iron-stained  coquina   rock,  consisting  of 

shells  in  very  fragmentary  condition,  cemented  with  lime.  40-  45 
7-9.    Loose  beach  sand,  with  shells  and  fragments  of  shells  similar 

to  samples  Nos.  1-5 45-  60 

10-11.    Chunks  of  gray  calcareous  clay,  pieces  of  light  blue  coquina 

rock  and  numerous  well-preserved  shells  of  Pleistocene  age.  60-  70 

Eocene  (Castle  Hayne  and  Trent)  : 

12-15.  Bluish-gray,  sandy  coquina  rock,  the  shells  in  a  finely  com- 
minuted condition  and  cemented  with  lime.  Samples  Nos. 
14  and  15  contain  fragments  of  branching  Bryozoans  sim- 
ilar to  those  found  in  the  vicinity  of  Wilmington.  The 
rock  is  also  similar  lithologically  to  the  material  in  which 
those .  forms  occur 70-95 

16-28.  Cream  colored  to  light  bluish-gray,  chalky  limestone,  more  or 
less  sandy  in  the  different  samples,  containing  Bryozoan 
forms  similar  to  those  found  in  the  Eocene  at  Wilmington 
and  vicinity 95-160 

29-34.  Bluish-Rray  coquina-like  rock  consisting  of  comminuted  frag- 
ments of  Bryozoans  and  other  forms  cemented  with  lime.  .160-190 


♦From  samples  funiLshed  by  the  North  Carolina  Geological  Survey. 
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Feet. 

35-39.  Light  cream  to  light  bluish-gray  limestone  rock,  becoming 
very  sandy  in  samples  37  and  38,  containing  fragments  of 
shells  and  shell  casts 190-215 

40-47.  Light  gray,  very  calcareous  sand,  with  slightly  indurated 
chunks  in  some  samples,  and  in  certain  samples  numerous 

fragments  of  fossils  and  fossil  casts 215-265 

Peedee: 

48-67.  Dark  gray,  very  argillaceous,  calcai^eous,  flue-grained  sand. 
(Could  be  classed  as  very  arenaceous  clay.)  The  different 
samples  vary  slightly  in  color,  some  having  a  bluish-gray 
tinge,  and  others  a  dark-brownish  tinge.  The  lower  sam- 
ples become  slightly  less  argillaceous.  Finely  comminuted 
shell  fragments  occur  in  sample  No.  54 265-365 

68-74.  Gray,  calcareous,  glauconitic  sand,  slightly  argillaceous  on 
upper  samples,  becoming  coarser  and  very  glauconitic  in 
lower  samples 365-400 

MIOCENE. 
ST.   HABYS  FORMATION. 

Name, — The  formation  receives  its  name  from  the  St.  Marys  Biver, 
Maryland,  where  its  typical  characteristics  are  well  shown.  The  name 
was  proposed  in  1902  (Science,  new  ser.,  vol.  15,  p.  906)  by  G.  B.  Shat- 
tuck. 

Definition, — The  St.  Marys  formation  comprises  the  basal  Miocene 
beds  in  North  Carolina,  which  in  some  places  rest  ppon  the  Eocene 
strata,  but  in  other  places  are  underlain  by  deposits  belonging  to  the 
Cretaceous  or  to  the  crystalline  rocks  of  the  Piedmont  Plateau.  It 
is  composed  of  unconsolidated  deposits  of  sand,  clay,  and  shell  marls. 
The  predominant  material  is  a  blue  argillaceous  sand  which  on  -weath- 
ering assumes  a  much  lighter  color.  The  St.  Marys  formation  is  found 
in  the  northeastern  part  of  the  State,  where  it  forms  almost  continuous 
outcrops  along  the  Meherrin,  Eoanoke,  and  Tar  rivers.  Along  the 
Xeuse  Biver  it  is  sparingly  represented  and  south  of  the  IsTeuse  is  only 
found  in  isolated  patches  of  small  areal  extent. 

The  St.  Marys  formation,  consisting  of  the  lowest  Miocene  strata  of 
the  State,  should  be  found  normally  overlying  the  Castle  Hayne  forma- 
tion of  the  Eocene.  It  has  not  been  found  in  contact  with  the  Castle 
Hayne  beds,  however,  for  the  reason  that  the  area  where  that  formation 
is  now  present  is  a  region  that  has  undoubtedly  suffered  much  erosion 
since  St.  Marys  time,  and  any  St.  Mary  deposits  that  may  have  been 
laid  down  in  that  locality  have  been  worn  away.  The  St.  Marys  forma- 
tion rests  upon  Trent,  Cretaceous,  or  pre-Cambrian  rocks  wherever  sec- 
tions have  been  exposed  within  this  State.    Along  a  belt  extending  from 
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Northampton  and  Halifax  counties  on  the  north  to  Wayne  County  on 
the  south  the  formation  is  in  contact  with  the  crystalline  rocks  of  the 
Piedmont  Plateau.  In  places  it  can  be  seen  to  rest  upon  an  irregular 
surface  of  crystalline  rocks  that  were  probably  above  the  water  during 
the  entire  Eocene  time  and  so  did  not  receive  any  deposits  belonging  to 
that  period.  Along  Quankey  Creek,  near  Halifax,  the  St.  Marys  beds 
are  in  direct  contact  with  the  crystalline  rocks,  as  shown  in  some  of  the 
sections  which  follow.  In  the  vicinity  of  Rocky  Mount  the  Miocene 
also  occurs  in  small  patches,  filling  old  depressions  in  the  crystalline 
rocks.  Along  the  Neuse  Biver  to  the  west  of  Goldsboro  the  St.  Marys 
probably  at  one  time  rested  upon  the  Trent  (Eocene),  as  the  two  forma- 
tions are  represented  in  that  vicinity. 

Along  the  Roanoke  and  Tar  rivers  there  are  many  exposures  where 
the  St.  Marys  is  found  resting  directly  on  the  Cretaceous  formations. 
Passing  down  the  Roanoke,  both  the  Patuxent  and  the  St.  Marys 
formations  are  exposed  in  certain  sections,  while  in  other  sections  the 
materials  are  entirely  Pleistocene  and  Cretaceous,  with  the  Miocene 
wanting,  while  in  still  other  regions  the  Miocene  extends  to  the  water 
level.  This  rising  and  falling  of  the  Cretaceous  in  the  sections  gives 
evidence  of  the  irregular  Cretaceous  surface  upon  which  the  St.  Marys 
was  deposited.  Further,  the  absence  of  the  Miocene  beneath  the  Pleis- 
tocene in  other  sections  gives  evidence  of  the  erosion  interval  following 
the  St.  Marys,  during  which  time  the  entire  thickness  of  St.  Marys  in 
certain  places  was  removed.  In  general,  the  Cretaceous  formation  that 
most  commonly  underlies  the  St.  Marys  is  the  Patuxent,  though  this 
is  not  always  the  case  along  the  lower  Tar  River,  as,  for  example,  at 
Blue  Banks  Landing,  where  the  Black  Creek  is  directly  overlain  by  the 
St.  Marys  beds. 

Whatever  formation  lies  beneath  the  St.  Marys,  there  is  in  every 
instance  a  marked  unconformity  at  its  base,  and  the  fact  that  it  overlies 
beds  of  such  varied  ages  indicates  that  there  must  have  been  a  greater 
transgression  of  the  ocean  during  St.  Mars'S  time  than  during  the  pre- 
ceding periods.  The  absence  of  the  St,  Marys  in  the  southern  part  of 
the  State  is  probably  due  to  its  never  having  been  deposited  in  this 
place,  though  it  may  be  explained  by  its  complete  removal  at  some 
subsequent  period. 

The  St.  Marys  formation  is  overlain  by  beds  of  Pleistocene  age  in 
almost  every  locality  where  exposures  occur.  Along  the  stream  divides 
it  is  almost  everywhere  concealed  from  view  by  Pleistocene  sand,  gravels, 
and  clays  which  are  unconformable  to  the  underlying  beds. 

The  strata  composing  the  St.  Marys  formation  in  Xorth  Carolina 
are  in  tho  main  very  similar,  lithologically,  and  on  the  basis  of  lithology 


TERTIAKY   FORMATIONS.  199 

alone  could  be  separated  with  little  difficulty  from  all  the  other  forma- 
tions of  the  Coastal  Plain.  The  deposits  consist  mainly  of  a  dark  bluish- 
green,  medium  fine,  argillaceous  sand  that  contains  many  imprints  and 
casts  of  small-sized  Mollusca,  The  sand  on  exposure  to  the  atmosphere 
changes  in  color,  due  to  oxidation  of  the  iron  present,  and  assumes  a 
ferruginous  brown  to  yellow  color.  In  certain  places  the  iron  has  been 
almost  entirely  removed  and  the  sand  is  gray  to  white  in  color,  for- 
mally the  St.  Marys  sand  is  loose,  though  locally  it  may  be  indurated 
by  a  ferruginous  cement.  Marl  beds  occur  in  numerous  places  in  the 
St.  Marys,  and  these  strata  have  been  extensively  worked  in  many  places 
for  fertilizing  purposes.  In  certain  localities  shells  are  so  abundant  that 
they  constitute  the  greater  portion  of  the  beds,  but  in  other  places  the 
sandy  matrix  in  which  the  shells  are  found  makes  up  more  than  half 
the  deposit.  The  fossils  are  usually  rather  fragile  and  somewhat  rotten, 
so  that  they  go  to  pieces  easily  and  thus  make  very  good  material  for 
the  soils.  During  slavery  days  the  marl  deposits  were  worked  exten- 
sively and  were  considered  of  importance,  but  within  recent  years  there 
has  been  comparatively  little  marl  dug.  The  reason  for  this  is  the 
scarcity  of  labor  and  the  introduction  of  artificial  fertilizers  which  act 
much  more  quickly  and  contain  certain  ingredients  not  found  in  the 
shell  marl.  The  sand  of  St.  Marys  is  rather  fine  in  almost  all  places, 
though  coarse  sand  and  occasional  pebbles  are  found  near  the  base  and 
along  the  western  limits  of  the  formation,  as  shown  by  the  sections  in 
the  vicinity  of  Halifax,  given  on  a  later  page.  A  pebble  band  is  not 
infrequent  near  the  base  of  the  formation,  and  sometimes  solitary  peb- 
bles varying  up  to  1  inch  in  diameter  are  found  irregularly  distributed 
through  the  sand  some  distance  from  the  base.  The  coarse  materials 
have,  in  almost  everv  case,  been  derived  from  the  crvstalline  rocks  of 
the  near  vicinity,  and  some  of  them  show  little  wearing  by  water. 
Black  phosphatic  pebbles  and  water-worn  bones  and  sharks'  teeth  were 
probably  derived  from  the  Cretaceous  or  Eocene.  Beside  the  sands  and 
marls,  there  are  occasional  layers  of  sandy  clay  and  occasional  plastic 
clay  beds  interstratified  with  the  sand. 

At  only  one  point  thus  far  found  within  the  State  does  there  seem  to 
be  anv  evidence  of  diatomaceous  material.  This  occurrence  is  about  one 
mile  northeast  of  Wrendale  at  the  foot  of  a  steep  bank  along  S^vift 
Creek.  The  diatomaceous  earth  there  is  decidedly  sandy  and  grades 
downward  into  a  stratum  of  sand. 

The  lithologic  characteristics  of  the  St.  Marys  formation  are  well 
exemplified  in  the  numerous  sections  of  this  formation  given  on  later 
pages. 
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Thickness, — The  thickness  of  the  St.  Marys  formation  is  exceedingly 
variable,  due  to  the  fact  that  it  occupies  depressions  in  an  old  land  sur- 
face and  also  to  the  fact  that  it  has  suffered  much  erosion  since  its 
deposition.  In  certain  places  it  may  be  20  to  30  feet  thick,  while  at  a 
distance  of  no  more  than  a  quarter  of  a  mile  it  may  be  absent  alto- 
gether. Its  greatest  thickness  is  undoubtedly  found  in  the  northern  part 
of  the  State,  particularly  along  Meherrin  and  Chowan  rivers.  At 
Edenton  material  which  probably  consists  mainly  of  St.  Marys  strata 
was  found,  in  a  well  section,  to  extend  from  10  to  230  feet.  The 
upper  part  of  this  certainly  belongs  to  the  Yorktown  formation,  though 
probably  most  of  it  is  older.  From  all  the  evidence  which  we  have  at 
hand  at  present  it  seems  that  the  St.  Marys  formation  of  Xorth  Carolina 
is  approximately  150  feet  thick  in  its  maximum  development,  which  it 
attains  in  Hertford,  Bertie,  and  Chowan  counties,  and  gradually  thins 
to  a  feather  edge  to  the  west  and  southwest,  though  it  is  about  45  feet 
thick  at  Wilson. 

The  lists  of  fossils  that  are  given  in  connection  with  the  detailed 
stratigraphic  sections  on  later  pages  show  the  wide  range  of  species 
found  in  the  deposits  of  this  formation.  The  marl  beds  previously  men- 
tioned have  fumislied  a  great  abundance  of  well-preserved  fossils,  though 
they  have  not  as  yet  been  exhaustively  studied.  The  fossils  belong  mainly 
to  the  group  of  the  Mollusca,  and  of  the  group  the  Pelecypods  are 
present  in  greatest  numbers.  The  great  abundance  of  Mvlinia  congesta 
is  especially  noticeable,  and  scarcely  ever  do  we  find  an  exposure  of  the 
St.  Marys  without  finding  almost  as  many  specimens  of  this  small  Pel- 
ecypod  as  all  other  species  combined.  In  certain  places  the  marl  seems 
to  be  almost  entirely  composed  of  this  form.  While  it  is  not  confined  to 
the  St.  Marys  formation,  yet  its  remarkable  development  in  strata  of 
this  age  is  diagnostic.  Beside  molluscan  remains,  much  coral  is  found 
in  certain  localities  and  the  remains  of  many  marine  vertebrates  occur 
throughout  the  beds.  Larger  vertebree  of  marine  mammals  are  found 
in  many  places,  while  several  almost  complete  skeletons  have  been 
reported  to  occur  in  various  sections  of  the  State.  Sharks'  teeth  are 
found  in  many  different  localities,  though  they  are  not  known  to  occur 
in  as  great  abundance  in  this  formation  at  any  place  as  they  do  in  the 
Castle  Hayne  formation  in  the  vicinity  of  Wilmington. 

The  St.  Marys  formation  in  Xorth  Carolina  forms  a  rather  broad 
band  extending  from  the  Xorth  Carolina  line  southward  to  the  Xeuse 
River.  Its  limits  westward  occur  along  a  line  passing  near  Weldon, 
Halifax,  Enfield,  Whitakers,  Eocky  Mount,  Wilson,   and   Goldsboro, 
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though  small  outliers  are  occasionally  found  several  miles  further  west, 
occupying  depressions  in  the  Piedmont  Plateau.  Eastward  it  seems 
to  extend  to  the  ocean,  though  it  disappears  beneath  the  Yorktown 
formation  along  a  line  passing  near  Winton,  Williamston,  Washington, 
and  Kinston.  Over  the  area  bounded  by  the  above  lines  the  St.  Marys 
formation  forms  an  almost  continuous  series  of  beds  and  outcrops  along 
nearly  all  of  the  streams  where  erosion  has  removed  the  surficial  Pleis- 
tocene deposits.  In  certain  places,  as  has  already  been  mentioned,  it  is 
wanting,  and  the  Pleistocene  there  rests  directly  upon  the  Cretaceous. 

South  of  the  Is  euse  River  the  St.  Marys  formation  seems  to  be  want- 
ing. It  is  possible,  though  scarcely  probable,  that  it  formed  a  con- 
tinuous belt  over  the  southern  portion  of  the  State,  though  there  is  now 
no  evidence  of  it.  In  all  probability  the  southern  part  of  the  State 
formed  a  land  area  during  St.  Marys  time,  and  no  extensive  deposits 
referable  to  this  formation  have  ever  existed  in  that  region.  On  the 
other  hand,  it  is  probable  that  this  formation  had  a  somewhat  wider 
distribution  at  one  time  than  it  has  at  present,  since  we  have  evidence, 
stated  on  a  previous  page,  of  erosion  removing  portions  of  the  forma- 
tion in  certain  places.  The  marginal  deposits  would  naturally  be  thin- 
ner, and  no  doubt  these  have  been  removed.  Xorthward  the  St.  Marys 
extends  into  Virginia,  and  is  continued  across  that  State  into  Maryland, 
where  it  has  been  carefully  studied.  In  certain  places  it  is  not  exposed. 
Between  the  major  streams  it  is  not  exposed  at  the  surface  over  any 
considerable  areas,  though  it  undoubtedly  is  present  in  most  places 
over  these  stream  divides,  and  it  has  been  reached  by  excavations  or 
well  borings  in  many  localities. 

The  structure  of  the  St.  Marys  formation  is  decidedly  simple.  It  is 
practically  horizontal  in  almost  every  section  exposed,  though,  in  the 
naain,  it  does  descend  gently  toward  the  ocean,  the  dip  being  only 
slightly  greater  than  the  inclination  of  the  surface.  For  this  reason 
the  formation  has  such  a  wide  outcrop,  though  it  is  comparatively 
thin.  Locally,  certain  beds  dip  at  a  rather  high  angle,  though  this  is 
not  common  except  where  the  materials  are  rather  coarse.  Along  Tar 
River,  where  there  is  evidence  of  shallow  water  deposition  as  shown 
by  the  coarse  character  and  the  variability  of  the  materials,  local  dips 
much  greater  than  the  average  are  not  infrequent.  In  any  case,  how- 
ever, dips  exceeding  5  to  10  degrees  are  never  found  and,  in  most  cases, 
the  beds  dip  at  a  rate  of  considerably  less  than  ten  feet  to  the  mile. 
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Detailed  Sections, 

Sections  Along  the  Meherrin  and  Chowan  Rivers  and  Their  TrihU" 
taries, — St.  Marys  formation  is  exposed  along  the  Meherrin  River  in 
a  number  of  places  in  Southampton  County,  Va.,  and  Xorthampton 
County,  X.  C.  It  is  similar  in  appearance  at  almost  every  point  ob- 
served.    The  following  sections  are  characteristic: 

SECTION  ox  MEHERRIN  RIVER.  12  MILES  FROM  EMPORIA.  VA. 

Pleistocene  (?):                                                                               '  Feet. 

Concealed  from  view lS-20 

Miocene  (St.  Marys)  : 

Light  drab  or  gray  clay,  grading  downward  into  a  light-gray  fos- 
siliferous  sand,  fine  in  texture.  The  shell  material  of  the  fos- 
sils has  been  entirely  removed.  The  sand  Is  indurated  in  places 
near  the  base.  Several  forms  of  Pelecypods  and  Gastropods 
were  observed 33 

Marl  for  fertilizing  purposes  has  been  dug  in  this  immediate  vicinity. 

SECTION  ON  MEHERRIN  RIVER.  1  MILE  ABOVE  THE  SEABOARD  AIR  LINE 

RAILROAD  BRIDGE.  BETWEEN  BRANCHVILLE,  VA.. 

AND  MARGARETTSVILLE.  N.  C. 

Pleistocene:  Feet. 

Yellowish  loam  and  sand  with  gravel-bedded  base  containing 
bowlders  of  variable  size 10 

Miorcne  (St.  Marys)  : 

Bluish-green  plastic  clay  with  casts  of  shells  and  a  few  fish  ver- 
tebrce   2 

Shell  marl  has  also  been  dug  in  this  vicinity  for  fertilizing  purposes. 

SECTION   ON   MEHERRIN   RIVER.   2    MILES   BELOW  THE   SEABOARD   AIR    LINE 
BRIDGE.  BETWEEN  BRANCHVILLE.  VA.,  AND  MARGARETTSVILLE.  N.   C. 

Pleistocene  (?):  Feet. 

Concealed   from  view    10 

Miocene  (St.  Marys)  : 

Greenish-gray,  compact,  fossil  if  erous.  sandy  clay.  The  fossils  are 
fragile  and  difficult  to  collect.  The  most  abundant  form  is  Mu- 
linia  cont/csta  4^-j 

The  same  fossiliferous  bod  is  also  exposed  along  the  right  bank  of 
the  river,  i^  mile  below  the  above  section. 

At  Meherrin  River,  Branch's  bridge,  midway  between  the  upper  and 
lower  Seaboard  Air  Line  bridges,  there  is  exposed  5  feet  of  dark  green- 
ish-gray sandy  clay  filled  with  fossils.  The  stratum  is  similar  to  the 
preceding  section. 
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SECTION  AT  MEHERRIN  RIVER,  1)  MILES  BELOW  BRANCHS  BRIDGE. 

Pleistocene:  Feet. 

Concealed   10 

Gray  to  yellowish-brown  sand  containing  some  gravel  bands 35 

Miocene  (St.  Marys) : 

Light  to  dark  drab,  laminated  clay  with  flue  sand  partings,  becom- 
ing yellow  in  color  on  weathered  surface 11 

Dark  green,  slightly  arenaceous  clay,  compact  and  plastic,  without 
fossils 13 

Similar  material  to  above  stratum,  but  containing  many  character- 
istic Miocene  fossils.  Mulinia  congest  a  is  represented  by  great 
numbers  of  specimens.  Other  Gastropods  and  Pelccypods  are 
conmion 22 

On  the  Meherrin  River,  3  to  4  miles  above  the  Seaboard  Air  Line 
Railway  bridge,  between  Boykins,  Va.,  and  Severn,  ^N".  C,  there  are 
exposed  4  feet  of  grayish-blue  sandy  clay  filled  with  shells.  Mulinia 
congest  a  is  abundant. 

SECTION  ON  MEHERRIN  RIVER,  i  TO  f  MILE  ABOVE  THE  SEABOARD  AIR  LINE 
RAILWAY  BRIDGE,  BETWEEN  BOYKINS,  VA.,  AND  SEVERN,  N.  C. 

Pleistocene  (?)  :  Feet. 

Concealed  25 

Miocene  (St.  Marys)  : 

Reddish  loamy  clay 10 

Yellowish  sand,  containing  numerous  fossil  Pelecypoda  and  Gastro- 
poda;  Mulinia  congesta  abundant 7 

Drab  sandy  clay 2 

Concealed  by  talus ^ 2 

Rotten  sandy  shell  .marl  containing  many  species  of  Pelecypoda 
and  Gastropoda 5 

A  few  hundred  yards  below  the  above  section  the  marl  at  the  base 
is  well  exposed  and  is  less  weathered.  The  matrix  consists  of  dark  green 
sandy  clay. 

SECTION  A  SHORT  DISTANCE  BELOW  THE  ABOVE  SECTION. 

Pleistocene   ( ?)  :  Feet. 

Reddish-yellow  laminated  clay  alternating  with  sand 20 

Light  gray  sandy  clay,  stained  red  in  certain  places 10 

Miocene  (St.  Marys) : 

Dark  bluish-green  sandy  clay,  yellow  in  color  on  weathered  sur- 
faces; filled  with  a  large  variety  of  fossil  shells,  of  which  Mu- 
linia congesta  is  especially  abundant 41 

SECTION  AT  WATSON'S  MILL.  KIRBY'S  CREEK.  2 J  MILES  NORTHWEST  OF 

MURFREESBORO. 

At  this  point  the  following  section  of  Miocene  is  exposed  overlain 
by  Pleistocene  materials: 
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Pleistocene:  Feet. 

Thin-bedded  drab  to  yellow  sandy  clay 10 

Reddish-brown  sand,  containing  fossil  casts 4 

Dark  bluish-gray  sandy  clay  indurated  in  places,  containing  many 

small  Pclecypod  shells 10 

Fossil  bones  are  reported  to  occur  in  the  base  of  the  section  which 
was  concealed  from  view  by  the  high  water  at  the  time, the  above 
obser\^ations  were  taken. 

SECTION  ON  MEHERRIN  RIVER,  1^  MILES  ABOVE  MURFREESBORO. 

Pleistocene:  Feet. 

Retldish  sandy  loam,  grading  downward  into  a  coarse  rt^ddish  sand.   10 

Miocene  (St.  Marys)  : 

Drab  arenac^eous  clay,  stained  with  iron  at  b^ise o 

Shell  bed  in  which  the  fossils  are  inclosed  in  a  matrix  of  sandy 
clay  bluish-green  in  color.    The  most  common  fossils  are  small 

PcJccjfpoda,  Mullnia  couucsta  being  esi>ecially  abundant 2^j 

Bluish-green  sandy  clay  similar  to  above  stratum,  but  with  few 

fossils    10 

Shell  marl  containing  characteristic  Miocene  fossils  inclosed  in  a 

matrix  of  gray  to  j'ellow  sand 5 

Yellow  to  gray  sand,  containing  few^er  fossils 5 

Shell  marl,  matrix  consisting  of  a  dark  greenish-gray  sand  or 
sandy  clay.  Some  large  bones  were  observed  in  this  basal 
layer    2^^ 

The  following  species  of  fossils  have  been  determined  from  this 
locality : 

(tastropoda  :  Ptychosalpitix  tuomeyi  H.  C.  Lea. 

CadtUua  thallus  Conrad.  Scalaspira  atrumoaa  Conrad. 

CalUoatoma  helium  Conrad.  Turbonilla  interrupta  Totten. 

Calliostoma  hriani  Conrad.  Turritella  variaJnlis  Conrad. 
Calliostoma  philanthropus  Conrad.      Pelecypoda: 
Crepidula  aculeata  Gmelin  var.  cos-       Asaphis  centcnaria  Conrad. 

fata  Morton.  Astarte  coheni  Conrad. 

Crepidula  plana  Say.  Astarte  symmetrica  Conrad. 

Crucibulum  constrict um  Conrad.  Astarte  undulata  Say. 

Crucibtilum  grande  Say.  Chama  congregata  Conrad. 

Dentalium  attenuatum  Say.  Chama  corticosa  Conrad. 

Ecphora  quadricostata  Say.  Corhula  inaequalis  Say. 

Fissuridea  catelliformis  Rogers.  Crassatellites  lunulatus  Conrad. 

Fissuridea  redimicula  Say.  Crassatellites  nndulatus  Say. 

Fossarus  lyra  Conrad.  Crepidula  aculeata  Gmelin  var.  cos- 

Il)/ana.s8a  isopramma  Da  11.  tata  Morton. 

Xassa  scalaspira  Conrad.  Diplodonta  subvexa  Conrad. 

Poljniices  duplicatns  Say.  Dosinia  acetabulum  Conrad. 

Polynices  heros  Say.  Ensis  directus  Conrad. 

Ptinhoxuiphij'  altilis  Conrad.  Gafrarium  metastriatum  Conrad. 
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Glycymeria  auhovata  Say. 
laocardia  fratema  Say. 
MeHna  maxillata  Deshayes. 
Mulinia  congesta  Conrad. 
Xucula  proxima  Say. 
Oatrea  compreaairoatra  Say. 
Oatrea  aculpturata  Conrad. 
Panopea  reflewa  Say. 
Pcctcn  clintonhts  Say. 
Pecten  decemnariua  Conrad. 
Pecten  ehoreua  Conrad. 
Pecten  jefferaoniua  Say. 
Pecten  jefferaoniua  var.  edgecomhen- 
aia  Conrad. 


Pecten  madiaoniua  Say. 
Pecten  marylandicua  Wagner. 
Pecten  rogerai  Conrad. 
Phacoidea  anodonta  Say. 
Phacoidea  crenulatua  Conrad. 
Phacoidea  contractua  Say. 
Pecten  crihrariua  Say. 
Plicatula  marginata  Say. 
Thracia  conradi  Couthouy. 
Venericardia  granulata  Say. 
Venua  rileyi  Conrad. 
Venua  tridacnoidea  Lamarck. 
Yoldia  laevia  Say. 


SECTION  1  MILE  ABOVE  MURFREESBORO.  LEFT  B.\NK  OF  MEHERRIN  RIVER. 

Pleistocene:  Feet. 

Sand,  partially  concealed 17 

Miocene  (St.  Marys)  : 

Shell  marl,  matrix  of  dark  green  sand,  containing  many  fossil 
shells  and  vertebrate  bones. , 


«> 


Meherrin  River  at  Murfreeshoro. — The  section  at  this  point  is  not 
as  well  exposed  as  at  the  two  localities  previously  described,  though 
similar  strata  outcrop  in  the  river  bank.  The  fossils  are  abundant  and 
well  preserved. 

FOSSILS  FROM  MEHERRIN  RIVER  BLUFFS,  NEAR  MURFREESBORO. 


Gastropoda  : 

CaUioatoma  philanthropua  Conrad. 

Crcpidula  aculeata  Gmelin  var.  coa- 
tata  Morton. 

Crepidula  fornicata  Say. 

Dentalium  attenuatum  Say. 

Ecphora  quadricoatata  Say. 

Polynicea  heroa  Say. 

Aurinia  mutahilis  Conrad. 

Turritella  variahilia  Conrad. 

Vermetua  sculpturatua  H.  C.  Lea. 

Vermetuaf  virginica  Conrad. 
Pelecypoda  : 

Aatarte  undulata  Say. 

Cardvum  laqueatum  Conrad. 

Cardium  virginianum  Conrad. 

Chama  congregata  Conrad. 

Craaaitellitea  lunulatus  Conrad. 

Craaaitellitea  undulatua  Say. 

Doainia  acetabulum  Conrad. 


Glycymeria  americana  de  France. 

Glycymeria  aubovata  Say. 

Margaritaria  ahrupta  Conrad. 

Mulinia  congeata  Conrad. 

Oatrea  compreaairoatra  Say. 

Oatrea  aculpturata  Conrad. 

Panopea  reflexa  Say. 

Pecten  eboreua  Conrad. 

Pecten  jefferaoniua  Say. 

Pecten  jefferaoniua  var.  edgecomben- 

aia  Conrad. 
Pecten  jefferaoniua  var.  aeptenarius 

Say. 
Plicatula  marginata  Say. 
Thracia  conradi  Couthouy. 
Venericardia  granulata  Say. 
Venus  rileyi  Conrad. 
Venus  tridacnoidea  Lamarck. 
Veriicordia  emmonsi  Conrad. 
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SECTION  AT  MADDRY'S  BLUFF,  IJ  MILES  BELOW  MURFREESBORO,  RIGHT  BANK 

OF  MEHERRIN  RIVER. 

Pleistocene:  Feet. 

Buff  sand,  somewhat  loamy  at  top  and  containing  a  few  pebbles 
toward  base 8 

Miocene  (St.  Marys)  : 

Buff  sand  2 

Brown  to  blue  sand,  filled  with  specimens  of  Mulinia  congesta. 

Certain  bands  are  composed  almost  entirely  of  these  shells 20 

Drab  clay  with  few  fossils,  some  gypsum  crystals 15 

Shell  marl,  great  variety  of  shells  in  blue  sandy  clay  matrix 5 

At  Whiteley's  Bluff,  about  3  miles  below  Murfreesboro,  left  bank  of 
Meherrin  River,  blue  Miocene  clay  appears  about  3  feet  above  water, 
overlain  by  about  15  feet  of  Pleistocene  sand,  poorly  exposed. 

Left  Bank  of  Meherrin  River,  150  Yards  Below  Sear's  Wharf 
(Parker's  Landing  on  Topographic  Map). — ^A  very  compact  blue  Mio- 
cene clay  appears  in  bluff  5  feet  above  water's  edge.  It  contains  no 
fossils.    It  is  overlain  by  about  6  feet  of  Pleistocene  sand. 

The  water  seeps  out  of  bank  just  above  the  Miocene  clay,  thus 
accentuating  the  contact  between  the  Miocene  and  the  overlying  Pleis- 
tocene strata. 

Chowan  River  Bluffs  at  Winton,  X.  C. — The  bluffs  consist  almost 
entirely  of  Pleistocene,  which  is  composed  of  clay  loam  at  surface, 
beneath  which  is  stratified  and  cross-bedded  sand,  brown  and  white  in 
color  and  containing  some  clay  laminsB.  The  sand  in  one  place  is 
so  pure  and  so  loose  that  it  has  been  dug  for  building  sand.  Farther 
west  from  Winton,  about  1  mile  from  the  wharf,  the  Pleistocene  con- 
sists largely  of  drab  clay.  At  several  places  along  these  bluffs  the 
Miocene  is  exposed,  rising  almost  6  feet  above  the  water  in  a  few 
places.  The  Miocene  material  consists  of  a  compact,  slightly  argillaceous 
blue  sand,  in  which  are  great  numbers  of  fossil  casts  and  moulds  of 
small  Pelecypoda,  It  is  reported  that  shell  marl  is  struck  at  a  depth 
of  a  few  feet  near  the  river. 

Bluffs  on  Chowan  River  at  Petty  Shore  and  About  1  1-2  Miles  Below 
Petty  Shore, — Bluffs  at  both  places  were  examined,  but  exposures  were 
very  poor.  jKTo  Miocene  was  observed,  and  it  is  believed  that  the 
Pleistocene  extends  to  water's  edge.  It  consists  mainly  of  drab  clay 
beneath  the  surface  clay  loam. 

Shell  marl  has  been  reported  to  occur  in  these  bluffs,  but  it  probably 
lies  beneath  the  water  level,  although  it  may  occur  at  a  higher  level 
and  be  concealed  by  the  vegetation  or  by  materials  that  have  slipped 
down  from  above. 
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SECTION  JUST  EAST  OF  CHINQUAPIN  BRIDGE  ON  CHINQUAPIN  CREEK, 

HERTFORD  COUNTY. 

Pleistocene:  Feet. 

Buff-brown  sandy  clay  loam 5 

Miocene  (St.  Marys)  : 

Fine  buff  to  gray  stratified  sand ;  no  fossils  observed 10 

Sections  Along  the  Roanoke  River  and  Tributaries, — In  a  ravine, 
tributary  to  Quankey  Creek,  just  to  the  south  of  the  town  of  Halifax, 
the  following  section  is  exposed: 

SECTION  AT  HALIFAX.  N.  C. 

Pleistocene:  Feet. 

Loose  white  sand,  containing  a  few  pebbles  at  the  base 5^ 

Miocene  (St.  Marys) : 

Light  drab  arenaceous  and  micaceous  clay  stained  yellow  in 
places,  grading  downward  into  next  member 3% 

Light  yellow  to  white  interlaminated  micaceous  sand  and  drab 
clay    4 

Irregularly  stratified  dark  blue  plastic  arenaceous  and  micaceous 
clay,  arkosic  in  places 7-8 

Partly  concealed  drab  to  gray  plastic  clay,  containing  consider- 
able coarse  arkosic  sand  in  places 10 

Dark  bluish-green  plastic  clay,  containing  flakes  of  mica  and 
some  rather  coarse  sand  and  small  pebbles;  very  compact. 
Forms  a  vertical  wall  over  which  the  water  falls 4 

Dark  green  argillaceous  sand .- 10-12 

Shell  marl,  the  shells  inclosed  in  a  matrix  of  dark  bluish-green 
sand.  The  molluscan  fossils  are  varied  and  abundant  and  con- 
stitute the  larger  portion  of  the  marl,  though  there  are  many 
vertebrate  bones  present.  This  rests  unconformably  upon  the 
irregular  surface  of  rotten  granitic  rock.  Some  pebbles  and 
even  large  bowlders  are  found  in  the  marl,  to  one  of  which  a 

number  of  barnacles  were  attached 2-6 

Pre-Camhrian  crystallines: 

Decayed  granitic  rock 10-15 

FOSSILS  FROM  HALIFAX,  N.  C. 

Cbustacea:  Fissuridea  marylandica  Conrad. 

Balanus  concavns  Bronu.  Fissuridea  redimicula  Say. 

Gastbopoda:  Polynices  heros  Say. 

Calliostoma  philanthropus  Conrad.  Scala  marylandica  Dall. 

Calliostoma  philanihropns  yar.  hasi-  Teinostama  nanum  H.  C.  Lea. 

cum  Dall.  Tornatina  canaliculata  Say. 

Crepidula  aculeata  Gmelin  var.  Turritella  variabilis  Conrad. 

costata  Morton.  Scaphopoda: 

Crepidula  fornicata  Say.  Cadulus  thallus  Conrad. 

Crucibulum  grande  Say.  Dentalium  attenuatum  Say. 

Cructbulum  costatum  var.  pileolum  Pelecypoda  : 

H.  C.  Lea.  Anomia  simplex  d'Orblgny. 

EcpJiora  quadricostata  Say.  Area  (Barhatia)  centenaria  Say. 
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A9apki$  eentenarim  Conrad.  Pedem  deoemnarhu  Conrad. 

A^tarte  symmetrica  Conrad.  Pccten  eboreut  C^mrad. 

Aftarte  undulata  Say.  Fecten  jeffersowiut  Saj. 

Cardium  virginianum  Conrad.  P€ct€t%  jeffertontHS  rar.  edgecomb- 

Cardium  Jaqueatum  Conrad.  en^s  Conrad. 

Carfiiutn  sp.  Pecten  jeffergottius  Tar.  septenarius 

Chama  conyregata  Conrad.  Saj. 

Cfjrbula  inacfjualis  Sar.  Pecten  madisonius  Saj. 

Cra4fffatrfntejf  undulatu*  Say.  Pecten  rogerH  Conrad. 

Diplodonta  suhr€xa  Conrad.  Pecten  n.  sp. 

Doitinia  acctabuium  Conrad.  Phacoide*  contractu*  Say. 

Ensis  directum  Conrad.  Phacoides  Qttodonta  Say. 

Glyf^ymcris  subovata  Say.  Phacoides  crenulQtus  Conrad. 

LcfJa  aruta  Conrad.  Phacoidcs  cribrariu9  Say. 

Mulinia  congesta  Conrad.  Venericardia  granulata  Say. 

Ostrea  carolinensis  Conrad.  Vetius  rilcffi  Conrad. 

Ostrea  compresffiro^tra  Say.  Venus  tridacnoidcs  Lamarck. 

Ostrea  sculpturata  Conrad.  Yoldia  Jaevis  Say. 

Panopea  rcfiexa  Say. 

SECTION  150  YARDS  BELOW  BRIDGE  ACROSS  QIAXKEY  CREEK  AT  HALIFAX. 

Pleistocene:  Feet. 

Slope  covered  with  vegetation  and  wash,  upper  part  nndonbtedly 
Pleistocene  25 

Mifx-cnc  I  St.  Marys )  : 

Blue  sand.  weatUoring  to  yellow 4 

Somewhat  fragile  shells  in  matrix  of  blue  sand.  The  sand  con- 
tains many  rounded  and  some  angular  quartz  pebbles  as  much 
as  1  inch  in  diameter,  resting  upon  an  uneven  surface  of  de- 
cayed crystallines 3% 

Decayed  crystallines  extending  to  water's  edge S-10 

At  occasional  intervals  along  Quankey  Creek,  above  the  A.  C.  L. 
Railroad  bridge,  the  Miocene  can  be  seen  resting  with  a  marked  un- 
confomiity  upon  decayed  granitic  rocks.  The  exposures  are  at  places 
where  the  creek  has  washed  against  the  banks.  At  some  points  thus 
exposed  a  thin  layer  of  very  rotten  shell  marl  can  be  seen  resting  directly 
upon  the  granite.  The  material  above  the  marl  consists  in  most  places 
of  dark  green  sand  or  clay,  or  its  weathered  product.  For  the  whole 
distance  of  ^  ^  mile  above  the  bridge  the  surface  of  the  granite  is  about 
8  or*  10  feet  above  the  bed  of  the  creek.  It  undulates  slightly,  but  in 
general  is  almost  parallel  to  the  grade  of  the  stream.  Xear  the  mouth 
of  a  small  branch  entering  from  the  west  or  southwest,  ^-j  mile  above 
the  railroad  bridge,  the  marl  was  observed  to  be  about  3  feet  thick.  Up 
this  creek  ^  s-^/i  mile  are  good  exposures  of  shell  marl  with  a  variety 
of  Miocene  fossils.  The  matrix  consists  of  dark  gray  sandy  clay.  Marl 
deposits  are  reported  still  farther  up  Quankey  Creek. 


Sorlh  Carolina  Oeoloelcal  and  Econo 


A.— Exposure  ahowlng  the  Patuxent  tormatlon  overlain  imconformably  by 
the  St.  Marys  fonnatlon,  and  the  1a.tter  la  turn  overlain  by  Pleistocene  de- 
posits. Ronnoke  River,  one  mile  above  the  State  Farm,  Halifax  County,  N,  C. 
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SECTION  ON  ROANOKE  RIVER,  5  MILES  BELOW  HALIFAX,  1  MILE  ABOVE  STATE 

FARM  LANDING. 

Pleistocene:  Feet. 

Concealed   6 

Stratified  yellow  sand,  containing  pebble  layers 11^ 

Miocene  (St.  Marys)  : 

Dark  green  compact  sandy  clay  containing  a  few  fossil  casts, 
grading  downward  into  a  greenish-gray  argillaceous  sand  con- 
taining a  few  small  pebbles  at  the  base 10 

Cretaceous  (Patuxent)  : 

Gray  micaceous  arkosic  sand,  with  some  lignite,  exposed 4 

SECTION  A  FEW  HUNDRED  YARDS  BELOW  THE  PRECEDING.  RIGHT  BANK  OF 

ROANOKE  RIVER. 

Pleistocene:  feet. 

Sand  and  grayel  strata  alternating,  resting  unconformably  upon 
the  Miocene  22 

Miocene  (St.  Marys)  : 

Dark  bluish-green  arenaceous  clay  containing  sma|l  flakes  of  mica 
and  a  few  fossil  casts,  resting  unconformably  upon  the  Creta- 
ceous      3-3^/^ 

Cretaceous  (Patuxent)  : 

Coarse,  arkosic  sand,  exposed 12 

SECTION  ON  ROANOKE  RIVER.  BELOW  MUDHOLE  LANDING,  lOi  MILES 

BELOW  HALIFAX. 
Pleistocene:  Feet. 

Poorly  exi>oscd  gravel  band,  containing  cobbles  and  bowlders  at 

base   22 

Miocene  (St.  Marys)  : 

Stratified  gray  sandy  micaceous  clay  inter  lamina  ted   with  gray, 

yellowish-brown  sand,  laminre  several  inches  thick 7 

Band  of  small  pebbles  not  well  exposed 1% 

SECTION  ON  RIGHT  BANK  OF  ROANOKE  RIVER,  EDWARD'S  FERRY. 

102i  MILEPOST. 

Pleistocene:  Feet. 

Poorly  exposed  strata,  gravel  band  at  base;  rests  unconformably 
upon  the  Miocene 18-20 

Miocene  (St.  Marys)  : 

Dark  bluish-green  micaceous  plastic  clay  with  a  few  indistinct  fos- 
sil imprints  and  a  few  small  fish  vertebrae.  At  the  base  there 
is  a  thin  line  of  small  pebbles  containing  a  few  larger  ones, 
some  of  which  are  2  to  3  inches  in  diameter.  The  contact  be- 
tween this  stratum  and  the  underlying  Cretaceous  sand  is  an 
undulating  line  varying  from  4  to  8  feet  above  the  water,  and  in 
a  few  places  the  Miocene  is  entirely  absent.  A  few  fragments 
of  the  Cretaceous  materials  have  been  included  in  the  base  of 
the  Miocene  0-4 

Cretaceous  (Patuxent)  : 

Light  drab  micaceous,  arkosic  sand 4-8 

14 
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PLEISTOCENE  AND  MIOCENE  SECTION  AT  PALMYRA.  ROANOKE  RIVER. 

Pleistocene:  Fket, 

Surface  clay  loam,  grading  downward  Into  a  buff  to  yellow  sandy 

clay 7 

Loose  interbedded  white  and  yellow  cross-bedded  sands,  containing 
numerous  clay  lamime  toward  base  In  certain  parts  of  the  sec- 
tion          12 

Compact  drab  clay,  containing  fragmental  plant  remains 3 

Gravel  layer  with  occasional  cobbles  6  inches  in  diameter % 

Miocene  (St.  Marys)  : 

Fine,  loose  white,  gray,  buff,  and  greenish-gray  sands,  blotched 

with  iron  stains 33 

Blue  argillaceous  sand 2% 

Blue  argillaceous  sand  filled  with  fossil  shells  and  containing  many 

bones,  especially  near  the  base 7 

Cretaceous: 

Blue  argillaceous  sand  without  fossils 2 

FOSSILS  FROM  PALMYRA  BLUFF. 

Crustacea  :  Chione  crihraria  Conrad. 

Balanus  concavus  Bronn.  Corbula  cuneata  Say. 

Gastbopoda:  CorhuJa  inacquaUs  Say. 

Calliostoma  philanthropus  Conrad.         Crassatellitcs  JunuUttus  Conrad. 

Calliostoma  rufflni  H.  C.  Lea.  CrassateJlites  undiiJatus  Say. 

Crepidula  aculeata  Gmelin.  Diplodonta  suhvexa  Conrad, 

var.  costata  Morton.  Dosinia  acetabulum  Conrad. 

Crepidula  fornicata  Say.  Ensis  directus  Conrad. 

Crepidula  sp.  Ensis  ensiformis  Conrad. 

Crucibulum  constrictum  Conrad.  Gemma  magna  Dall. 

Ecphora  quadricostata  Say.  Oemma  trigona  Dall. 

Fossarus  lyra  Conrad.  Glycymeris  americana  de  France. 

Urosoma  sulcosa  Conrad.  Glycjfmeris  subovata  Say. 

Polynices  heros  Say.  Leda  acuta  Conrad. 

Aurinia  mutabilis  CVmrad.  Macrocallista  albaria  Say. 

Turi'itella  variabilis  Conrad.  Mulinia  congest  a  Conrad. 

Vermetus  graniferus  Sny.  Kucula  proxima  Say. 

Scaphopoda  :  Ostrca  compressirostra  Say. 

Cadulus  thallus  Conrad.  Ostrea  sculpturata  Conrad. 

Denialium  attenuatum  Conrad.  Panopea  reffcxa  Say. 

Pelecypoda  :  Pecten  eborcus  Conrad. 

Asophis  ccntcnarin  Conrad.  Pecten  jeffersonius  Say. 

Astarte  exaltata  Conrad.  Pecten  jeffersonius  rar.  edgeconib- 

Astarte  symmetrica  Conrad.  ensis  Conrad. 

Astarte  undulata  Sny.  Pecten  madisonius  Say. 

Astarte  vicina  Say.  Pecten  jeffersonius  var.  septcnarius 

Callocardia  sayana  Conrad.  Say. 

Cardium  laqueatum  Conrad.  Petricola  carolinensis  Conrad. 

Cardium  virginianum  Conrad.  Phacoidrs  anodonta  Say. 

Chama  congrcgata  Conrad.  Phacoides  erevulatus  Conrad. 
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Phacoides  contractus  Sny. 
Phacoidea  crihrarius  Soy. 
Rangia  clathrodonta  Conrad. 
Spisula  magnoliana  Dal  I. 
Thracia  conradi  Couthouy. 


Venericardia  granuJata  Say. 
Venericardia  tridentata  Say. 
Venus  rileyi  Conrad. 
Yoldia  Iwvis  Say. 


Right  Side  of  Roanoke  River,  3  1-2  Miles  Belong  Palmyra. — Fossil- 
iferous  blue  sandy  clay  belonging  to  the  St.  Marys  formation  rises  about 
7  feet  above  high  water.  It  may  be  the  same  layer  exposed  at  Palmyra, 
though  it  contains  a  somewhat  different  assemblage  of  fossils. 

FOSSILS  FROM  3|  MILES  BELOW  PALMYRA  LANDING. 

Cbustacea:  MuHnia  congesta  Conrad. 

Balanus  concavus  Bronn.  NucuJa  proxima  Say. 

Gastbopoda:  Ostrea  compressirostra  Say. 

Crepidula  fornicata  Llnu§.  Phacoides  crenuJatus  Say. 

Pelecypoda:  Yoldia  laevis  Say. 

Leda  acuta  Conrad. 

SECTION   AT    UPPER   END   OF   ROANOKE   RIVER   BLUFF   AT   HAMILTON,    JUST 

ABOVE  LANDING. 
Pleistocene:  Feet. 

Clay  sandy  loam  with  some  sand  layers  and  some  layers  of  pure 

clay 12 

Miocene  (St.  Marys)  : 

Lens  of  fossiliferous  sandy  clay  which  at  greatest  thickness  is 
about  3%  feet.  Consists  in  some  places  of  indurated  shell  frag- 
ments.   Ensis,  yucula^  and  Leda  are  the  most  abundant  fossils.  0-3^^ 

Greenish-gray  argillaceous  sand  containing  several  fossil  bands 
similar  to  above  and  some  isolated  shells 13 

In  several  places  in  the  Hamilton  Bluffs,  especially  in  the  lower  por- 
tion of  the  bluff,  many  layers  of  shell  fragments  occur.  In  one  place  a 
layer  was  seen  largely  composed  of  fragments  of  Vejius, 

FOSSILS  FROM  HAMILTON  BLUFFS. 


Gastropoda  : 

Cadulus  thallus  Conrad. 

CaUiostoma  mitchelli  Conrad. 

Calliostoma  philanthropus  Conrad. 

CaUiostoma  virginicum  Conrad. 

Olivella  nitidula  Dillwyn. 

Polynices  Jieros  Say. 

Scalaspira  strumosa  Conrad. 

Teinostoma  nanum  H.  C.  Lea. 

Tomatina  canaliculata  Say. 

TurhoniUa  inierrupta  Totteu. 

Turritella  variabilis  Conrad. 
Peubctpoda  : 

Anomia  simplex  d'Orbigny. 

Area  improcera  Conrad. 


Corhula  inaequalis  Say. 
Ensis  directus  Conrad. 
Gemma  trigona  Dall. 
Glycymeris  suhovaia  Say. 
Leda  acuta  Conrad. 
Mulinia  congesta  Conrad. 
Xucula  proxima  Say. 
Ostrea  sculpturata  Conrad. 
Panopea  americana  Conrad. 
Pecten  ehoreus  Conrad. 
Phacoides  crenulatus  Conrad. 
Plicatula  marginata  Say. 
Venericardia  granulata  Say. 
VeniLS  rileyi  Conrad. 
Yoldia  laevis  Say. 
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At  Poplar  Point  Landing,  Roanoke  River,  the  Miocene  ia  exposed 
above  water  Thigh  water)  and  consists  of  finely  laminated,  interbedded 
drab  clays  and  yellowish-brown  sand. 

Williamston,  X.  C. — There  are  many  marl  pits  about  the  town  and 
surrounding  country.  Years  ago  great  quantities  were  dug  every  year 
and  spread  on  the  land,  but  now  comparatively  little  is  used.  George 
Whitley,  1  mile  west  of  town,  still  uses  considerable.  A  drainage  ditch 
on  the  farm  of  Joseph  Cherry,  about  2  miles  northwest  of  town,  was 
visited,  where  the  marl  was  exposed.  The  marl  appears  at  the  inner 
edge  of  the  first  terrace  above  the  river  bottom.  It  is  about  8  feet  in 
thickness  and  consists  of  shells,  many  fragmentary,  in  a  matrix  of 
'greenish-blue  sand.  The  marl  is  said  to  be  8  feet  thick.  Above  are 
bufF,  white,  and  yellow  loose  Miocene  sand.  Xo  section  was  noticed 
where  the  thickness  of  Pleistocene  could  be  determined,  but  it  is  believed 
to  be  not  more  than  15  to  20  feet  in  thickness  at  the  most. 


FOSSILS  FROM  2i  MILES  NORTHWEST  OF  WILLIAMSTOX. 


Gastbopoda  : 

Cadulus  thallus  Conrad. 

Calliostoma  philanthropus  Conrad. 

Crepidula  aculeaia  Gmelin  var. 
costata  Morton. 

Crepidula  fomicaia  Say. 

Dentalium  atlenuatum  Say. 

Olivella  mutica  Say. 

Polynices  duplicatus  Say. 

Teinostoma  nanum  H.  C.  Lea. 

Terehra  dialocata  Say. 

Turbonilla  interrupta  Totten. 

Turritella  variabilis  Conrad. 
Pelectpoda: 

Area  improcera  Conrad. 

Area  limula  Conrad. 

Area  limula  var.  fllosa  Conrad. 

Astarte  cancentrica  Conrad. 

Astarte  symmetrica  Conrad. 

Calloeardia  say  ana  Conrad. 

Corhula  cuneata  Sfiy. 

('orhuhi  inncqualiff  Say. 

CrnHHntrUitcs  utiflulatiift  Sav. 


Crepidula  aculeata  Gmelin  var.  cos- 

lata  Morton. 
Cumingia  medialis  Conrad. 
Diplodonta  accHnis  Conrad. 
Diplodonia  yorkensis  Dall. 
Di varicella  quadrisulcaia  d*Orbiguy. 
Donax  emmonsi  Dall. 
Ensis  directus  Conrad. 
Ensis  CJisiformis  Conrad. 
Olycymeris  americana  de  France. 
Olycymeris  sulxrvata  Say. 
Mulinia  congesta  Conrad. 
Osirea  sculpturata  Conrad. 
Pecten  eboreus  Conrad. 
Phaeoides  crenulatus  Conrad. 
Phaeoides  cribrarius  Say. 
Plieatula  marginata  Say. 
Rangia  clathrodonta  Conrad. 
Spisuia  subparilis  Conrad. 
Tellina  decHvis  Conrad. 
Transenella  carolinensis  Dall. 
Venericardia  granulata  Say. 
Venus  rileyi  Conrad. 
Yoldia  laevis  Say. 


One  mile  nortlnvost  of  Williamston,  Martin  County,  the  marl  has 
been  dug  along  a  branch  where  it  was  reached  at  a  depth  of  from  5 
to  7  feet. 
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SECTION  4  MILES  NORTHWEST  OF  WILLIAMSTON,  ALONG  CONOHO  CREEK. 

Pleistocene:  Fset.  Inches. 

Loose,  black,  sandy  loam 1 

Gray  iron-stained  clay,  becoming  more  sandy  toward  the 

base 5 

Plastic  drab  clay 1^ 

Coarse,  loose,  ferruginous  sand 1 

Loose  gray  sand,  colored  with  iron  in  places 3 

Miocene  (St.  Marys) : 

Band  of  ferruginous  sand  passing  downward  into  a  bluish- 
drab  argillaceous  sand 5 

Greenish-blue  to  gray  sand,  containing  many  fossil  shells 
exposed  in  ditch  by  roadside 1 

Three  Miles  West  of  Williamston,  Martin  County. — ^A  shell  marl 
bed  outcrops  along  the  road  at  this  point  in  which  specimens  of  Pecten 
eboreus  are  common. 

SECTIONS  ALONG  FISHING  AND  SWIFT  CREEKS  AND  THEIR  TRIBUTARIES. 

One-half  mile  west  of  Enfield  on  the  farm  of  J.  H.  Sherrod,  a  few 
shells  were  found  about  ^n  old  marl  pit.  The  marl  seems  to  consist 
almost  entirely  of  Mulinia  congesta  and  is  very  similar  to  the  marls 
at  Rocky  Mount  and  Wilson.  The  matrix  of  the  shells  seems  to  be  a 
blue  sandy  clay  similar  to  that  at  Rocky  Mount.  Marl  has  also  been 
dug  to  the  north  and  east  of  Enfield. 

In  the  vicinity  of  Enfield,  along  Fishing  Creek  and  its  tributaries, 
the  St.  Marys  Miocene  is  found  practically  everywhere  by  digging  a 
few  feet  in  the  flood  plain  of  the  stream.  It  consists  of  a  bluish-green 
argillaceous  sand  filled  with  fossils,  and  has  been  dug  for  fertilizing 
purposes  in  a  great  many  places,  though  at  present  it  is  not  being 
worked.  It  seldom  outcrops.  It  seems  probable  that  the  deposit  is  a 
continuous  one  in  this  section.  The  St.  Marys  Miocene  at  Enfield  is 
rather  thick,  as  a  10-foot  bed  of  Miocene  marl  was  struck  in  digging  a 
well  at  a  depth  of  60  feel . 

Fishing  CreeJc,  3  1-2  Miles  Northeast  of  Leggett's  Postoffice, — The 
river  here  flows  along  the  third  Pleistocene  terrace,  which  is  about  70 
feet  above  the  river.  The  bluff  is  concealed  by  vegetation  to  within 
6  feet  from  the  water,  where  Miocene  fine  blue  sand,  containing  casts 
of  fossils,  is  exposed.  Some  of  the  sand  has  been  oxidized  to  an  orange- 
yellow  color.  In  the  fine  sand  a  few  well-rounded  quartz  pebbles  as 
much  as  an  inch  in  greatest  diameter  occur. 

SECTION  ON  FISHING  CREEK,  RIGHT  BANK.  ONE-THIRD  MILE  BELOW 

MABREY  BRIDGE. 

Pleistocene:  Feet. 

Brown  sandy  loam,  grading  into  next  member 4 

Medium  fine  gray  to  brown  sand,  loose  in  texture 3^ 
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Feet. 
Very  coarse  white  to  buff  loose  sand,  containing  numerous  small 
l>ebbles  and  a  few  blocks  of  rock  0  inches  in  diameter 4 

Miocene  (St.  Marys)  : 

Blue  to  buff  (when  weathered)  fine  sand,  containing  occasional 
rounded  quartz  pebbles,  some  as  much  as  1  inch  in  diameter. 
In  upper  3  inches  the  sand  is  somewhat  indurated  and  in  this 
layer  a  few  fossil  impressions  occur.  Pecien  and  Astarte  were 
recognized.    Exposed  to  water's  edge S 

« 

The  Miocene  in  the  above  section  is  similar  to  that  at  Shiloh  Mills  in 
which  fossil  shells  are  found,  but  is  quite  unlike  that  between  BelFs 
Bridge  and  Dunbar  Bridge. 

Three  Miles  South  of  Battleboro  on  Road  Behceeii  Battleboro  and 
Rocky  Mount,  at  Stream  Crossing^ — A  series  of  marl  pits  is  found  here, 
though  the  marl  was  not  observed  in  pla9e.  It  -evidently  does  not  out- 
crop.  The  fossils  indicate  that  the  stratum  is  similar  to  the  other  St. 
Marys  marl  of  this  vicinity.    Mulinia  congesta  is  especially  abundant. 

One  and  One-fmirth  Miles  East  of  Battleboro  on  a  Trihu-tary  of 
Swift  Creek, — On  the  land  of  H.  B.  Brown  marl  has  been  dug  in  several 
places.  The  marl  does  not  outcrop,  but  is  found  underlying  the  stream 
valleys  and  can  be  obtained  by  removing  about  5  feet  of  overburden. 
The  fossils  found  in  this  marl  are  similar  to  those  present  in  the  marl 
about  Rocky  Mount. 

Swift  Creek,  1  Mile  Northeast  of  Wrendale, — At  this  point  the  bluff 
is  about"  45  feet  in  height.  The  upper  part  is  undoubtedly  Pleistocene 
and  is  part  of  the  second  terrace,  but  on  account  of  the  vegetation  it 
does  not  show. 

Pleistocene  ( ?) :  Feet. 

Concealed  by  vegetation ' 35 

Miocene  (St.  Marys)  : 

Sandy  diatomaceous  earth,  grading  into  lower  member 4 

Buff  to  blue  fine  sand 12 

Blue  sand  filled  with  Aliilinia  congesta,  with  a  few  specimens  of 

Pecten  ehoreus 1 

Concea  led  to  water's  edge 2 

Swift  Creek,  2  Miles  Above  Hemmed  Island. — At  base  of  12-foot 
bank  shell  marl  outcrops.  About  1  foot  is  exposed.  It  consists  of  blue 
sand  well  filled  with  perfect  shells.  The  material  resembles  that  ex- 
posed V2  ii^il^  above  Bell's  Bridge,  except  that  Divaricella  quadrisulcata 
does  not  appear. 

SECTION'S  ALONG  TAR  RIVER  AND  ITS  TRIBUTARIES. 

Tributarj/  of  Tar  River,  J  1-2  Miles  Xorthwest  of  Rocky  Mount. — 
Marl  has  been  dug  in  many  places  along  this  stream  and  has  been 
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spread  on  the  land,  though  none  has  been  dug  for  20  years.  Some  fossil 
shells  were  found  about  an  old  marl  pit.  Specimens  of  Mulinia  con- 
gesia  are  especially  abundant.  The  shells  are  evidently  found  in  a  blue 
sandy  clay.  The  marl  occurs  about  4  feet  below  the  surface  and  pit 
is  full  of  water.  There  are  old  marl  pits  on  the  opposite  side  of  the 
stream  also.  The  marl  resembles  that  at  Wilson.  Crystalline  rocks 
appear  at  same  level  50  yards  upstream,  thus  indicating  the  Miocene 
to  have  been  deposited  in  depressions  in  the  Piedmont  surface. 

Old  Marl  Pits,  2  Miles  West  of  Rocky  Mount,  on  Small  Branch  of 
Tar  River,  1-2  Mile  West  of  th^  River  and  Just  North  of  Sprinyhope 
Branch  of  the  A.  C.  L.  Railroad. — There  are  here  a  number  of  old  pits 
where  marl  was  dug  by  a  Mr.  McDaniel  before  the  war.  These  are 
evidently  the  pits  to  which  Emmons  refers  in  his  1852  report.  The 
pits  are  now  filled  with  water  and  decaying  vegetation  and  the  marl 
is  nowhere  exposed.  But  about  some  of  the  pits,  beneath  the  covering 
of  vegetable  loam,  some  of  the  old  marl  was  seen.  It  consists  of  shells, 
Mulinia  congesta  principally,  in  a  matrix  of  greenish-gray  (perhaps, 
originally,  greenish-blue)  sandy  clay,  with  a  very  few  small  quartz 
pebbles.  Other  shells  observed  were  Pecten  eboreus,  Venus,  Turritella, 
Balanus,  Ostrea,  Dentaiium,  Area,  etc.  Xo  crystalline  rocks  are  ex- 
posed here,  though  they  do  outcrop  a  short  distance  away. 

Two  and  One-half  Miles  Northwest  of  Rocky  Mount;  Tributary  of 
Tar  River. — Marl  has  been  dug  at  this  place,  though  it  does  not  out- 
crop. Various  species  of  fossil  shells  Were  contained  in  the  marl, 
principally  Ostrea,  Vejius,  and  Mulinia  congesta. 

Tributary  of  Tar  River,  1-Jf  Mile  North  of  Rocky  Mount  Water- 
works.— Old  marl  pits  are  present  at  this  place,  though  the  marl  was 
not  seen  in  place. 

Three-fourths  Mile  Northwest  of  Rocky  Mount  Waterworks. — A  shal- 
» low  well  at  this  place  penetrated  a  marl  bed  3  to  4  feet  from  the  sur- 
face.   Mollusca  and  corals  are  the  most  abundant  fossils  in  the  marl. 

Two-thirds  Mile  North  of  New  Bridge  Over  the  Tar  River,  3  Miles 
Northeast  of  Rocky  Mount. — Marl  was  dug  in  this  vicinity  before  the 
war.     The  most  abundant  fossil  is  Mulinia  congesta. 

Along  Compass  Creek  marl  of  a  bluish-drab  color  composed  of 
fossil  shells  is  found;  Mulinia  congesta  is  specially  abundant,  inclosed 
in  a  matrix  of  fine  argillaceous  sand. 

RIGHT  BANK  OF  TAR  RIVER,  5  MILES  BELOW  NEW  BRIDGE, 
Pleistocene:  Feet.  Inches. 

Concealed  by  vegetation 8 

Miocene  (St.  Marys)  : 

Gray  calcareous  clay,  becoming  sandy  at  base  and  grading 
down  into  next  member 4 
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r.  IXCHKS. 

Gray  calcareous  and  argillaceoos  sand,  becoming  yery  coarse 
at  base ; 1 

Fine  gray  calcareous  sand,  streaked  with  yellow  iron- 
stained  sand  114 

Coarse  stratified  Iron-stained  sand,  becoming  gravelly  at 
base,  with  small  pebbles 3 

Fine  iron-stained  sand 3 

Shell  marl  in  sand  matrix,  containing  many  characteristic 
Miocene  fossils 4 

FO.S.SIL8  FIIOM  TAR  RIVER.  5  MILES  BELOW  NEW  BRIDGE. 

Cbustacea  :  Phacoides  crenulatus  Conrad. 

Balanus  concavus  Bronn.  Phacoides  radians  Conrad. 

Oastbopoda:  CrassateUites  undulatus  Say. 

CrefHflula  fr^nicata  Soy.  Diplodonta  accUnis  Conrad. 

Turrit rlla  variahilis  Conrad.  Ostrea  compressirostra  Say. 

Scaphopoda:  Ostrea  sculpturata  Conrad. 

Cadulus  thallus  Conrad.  Pecten  eboreus  Conrad. 

Dentalium  attenuatum  Soy.  Pecten  jeffersonius  Say. 

PrLECYPODA:  Pecten  madisonius  Say. 

Area  improcera  Conrad.  Plicatula  marginata  Say. 

Mulinia  congesta  Conrad.  Venericardia  granulata  Say. 

Ostrea  sculpturata  Conrad.  Pelecypoda: 

Pecten  ehoreus  Conrad.  Ostrea  compressirostra  Say. 

Pecten  jeffersonius  var.  edgeconib-        Ostrea  sculpturata  Conrad. 

ensis  Conrad.  Pecten  jeffersonius  var.  edgecomh- 

Pecten  madisonius  Say.  ensis  Conrad. 

Right  Bank  of  the  Tar  River,  1-2  Mile  Below  Month  of  Buck  Swamp, 
In  ravine  there  is  a  section  exposed  as  follows : 

Pleistocene:  Feet. 

Gray  sand,  in  some  places  loamy,  and  with  many  small  pebbles. . .  12-15 

• 

Miocene  (St.  Marys)  : 

Drab  clay 5 

White  sand   5 

Blue  clay,  very  compact 12 

Blue  clay  with  shell  impressions  and  gyi)sum  crystals 2 

Fossil   layer,   shells    (Pecten,  Ostrea,  etc.),   very  rotten  and  in 
places  shell  substance  removed  and  the  matrix  of  sand  slightly 

indurated    1% 

Mud-covered  slope  to  water  (water  7  feet  higher  than  normal) ...  1 

tar  RIVER.  TARBORO  SHEET.  N.  C,  6i  MILES  BELOW  NEW  BRIDGE, 

RIGHT  BANK. 

Miocene  (St.  Marys)  : 

Concealed   ^ 6-10 

Yellow  stratified  sand  and  drab  clay,  not  well  exposed 10 

Dark  preonlRh  drnb,  nrgillnopous  sand,  very  fossillferous  in  lower 

2  feet.    Mulinia  congesta  Is  very  abundant 7 

« 
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Feet. 
Saudy  clay,  same  color  as  preceding,  compact,  and  contains  fossils 
In  some  layers  which  are  poorly  preserved.    The  forms  recog- 
nized are  same  as  mentioned  above 8 

FOSSILS  FROM  TAR  RIVER,  6  MILES  BELOW  NEW  BRIDGE. 


Cbustacea  : 

Balanus  concavua  Bronn. 
Gastropoda  : 

Crepidula  acuJeata  Gmelin. 
var.  costata  Morton. 

Crucibulnm  coatatum  var.  pUcolum 
H.  C.  Ijea. 

Ecphora  quadricostata  Say. 

Fossarus  lyra  Conrad. 

Polynices  duplicatus  Say. 

Polynices  heroa  Say. 

Turrit ella  variabilis  Conrad. 

Vermetus  graniferus  Say. 

St'APHOPODA  : 

Caduhta  thaUus  Conrad. 
Dentalium  attenuatnm  Say. 

rELECYPODA  I 

Area  cefitenaria  Say. 
Area  jpUcatura  Conrad. 
Asaphis  cent c nana  Conrad. 
Astarte  eoncentrica  Conrnd. 
Astarte  undulata  Say. 
Calloeardia  sayana  Conrad. 


Cardium  laqueatum  Conrad. 
Chama  congregata  Conrad. 
Corbula  inaequalis  Say. 
CrassateUitca  undulatua  Say. 
Diuaricella  quadrisulcata  d'Orbiguy. 
Ensis  directua  Conrad. 
Olycymeria  aubovata  Say. 
Isocardia  fraterna  Say. 
Mulinia  congeata  Conrad, 
Oatrea  aculpturata  Conrad. 
Pecten  eboreua  Conrad. 
Pecten  jefferaoniua  Say. 
Pecten  madiaoniua  Say. 
Phacoidea  anodonta  Say. 
Phacoidea  contractua  Conrad. 
Phacoidea  cribrariua  Say. 
Phacoidea  crenulatua  Conrad. 
Plicatula  marginata  Say. 
Scmele  aubovata  Say. 
Venericardia  granulata  Say. 
Veniia  mercenaria  Conrad. 
Venua  tridacnoidea  Lamarck. 


TAR  RIVER.  ABOUT  1\  MILES  ABOVE  DUNBAR  BRIDGE. 

Pleistocene  (?)  :  Feet. 

Concealed  by  vegetation 12 

Miocene  (St.  Marys): 

Yellowish-gray  sand 9 

Drab  clay  containing  lenses  of  sand 1 

Grayish  drab,  argillaceous  sand 1 

Gray  sand,  stained'yellow,  and  indurated,  In  places,  by  iron.  4 

TAR  RIVER,  ONE-HALF  MILE  ABOVE  DUNBAR  BRIDGE. 

Feet.  Inches. 
Surface  soil G 

Miocene  (St.  Marys)  : 

Coarse  light  gray  sand,  indurated  somewhat  in  lower  1  foot.        2 
Sand  and  clay,  interstratlfied.  and  colored  bright  red  and 
yellow  by  iron  stain,  the  clay  predominating  in  upper 

half,  and  the  sand  in  lower  half 8 

Coarse  sand  colored  red  and  yellow  in  upper  half  by  iron 
stain,  and  light  yellow  and  greenish-gray  in  lower  half. . .       20 
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TLe  two  prerrediug  gectioij«  are  essentially  alike,  and  aeree  li'loloe- 
wbUv  with  th^  seer  ion  a  in  which  Miocene  fassib  were  fonnd. 

Ooe-ha^f  Jli'U  \r/rih  of  Cokey  S tramp,  7  Milejf  IT-f-yf  >'  Tjrt- >•":•. — 
In  a  roadside  ditch,  about  2  feet  of  iron-stained  sandr  Mioeene  cIat 
apfj^rari^y  in  which  are  nnuerotLs  fossil  impressions.  It  \s  overlain  bj 
thifjy  laminated  drab  clay  containing  fine  partings  of  brown  sand. 
Til/-  Mifj<ifu(*,  lithologically,  is  very  similar  to  the  Miocene  straia  om- 
cropping  along  the  Tar  Kiver  near  Tarboro»  The  Miocene  marl  has 
\f^'U  dug  at  a  number  of  places  in  the  vicinity  of  Sasnett  Mill  Branch, 
and  fragment h  of  the  old  shells  can  be  seen  in  the  fields  in  that  vicinity. 

FIIt^T  BKND  OF  RIVER  ABOVE  BELL'S  BRIDGE.  LEFT  BANK. 

He  i$toec'n^f :  Fett.  Ixches. 

JjfSitn  aitfl  flrxKl  jilaln  material  poorly  exposed 2-4 

Marl  bed,  Mbella  iierfectly  preserved  and  representing  a 
Istrfit  faaua  In  matrix  of  fine  bine  to  drab  sand,  contain- 
ing quartz  pebbles  1  incb  or  more  in  diameter.  Near  tbe 
mnfer  fiart  of  ttie  bed  is  a  layer  in  which  Divaricella 
f/uadrlfiulcata  Is  extremely  abundant.  Exposed  to  water's 
edge , 5  6 

TAR  RIVKR,  NEAR  BELL'S  BRIDGE. 

iiAH'tWffovA  :  Antarte  concent rica  Conrad. 

Catlnluit  ihnlluH  rViurml.  Astarte  symmetrica  Conrad. 

CallUjHtoma  philauthropuM  Conrad.  Antarte  undulata  Say. 

rr/ pitiula  tttuhata  (iwu'Ww  var.  con-  Callocardia  sayana  Conrad. 

tata  Morton,  Cardium  laqueatum  Conrad. 

(fff;pidula  fornirata  Hay.  Cardium  sp. 

rnpidula  plana  Hay.  Chama  congreoata  Conrad. 

rrucihulum  coHHtrictum  r.'onrad.  Corhula  cnncata  Say. 

Ihntalinm  attenuatum  Say.  Corhula  inacqualis  Say. 

/^rphofa  ffuadriroHtala  Say.  CraHsaicllitcs  lunulatus  Conrad. 

I'oHHuruH  ////•«  Tonrad.  Crassatcllitrs  uudulatus  Say. 

J'oij/nU'f  M  duplUatuH  Hay.  ('umiu(/ia  ii^fidialis  Conrad. 

Tf'AiiOfitinna  U-ntUularc  II.  C.  L<»a.  Diplodonta  acclinis  Conrad. 

Tomatlna  ranalUnilata  Hay.  Diplodonta  suhvexa  Conrad. 

7'urhonllla  inUirrupta  Totton.  Divaricella  quadrisulcata  d'Orbigny. 

Turhonilla  reticulata  (\.l\,  Adams.  Dof<inia  acetahulum  Conrad. 

Turritf'lla  variahitlM  Conrad.  JJnsis  directuft  Conrad. 

\  fniU'tuH  (jraniferuH  Hay.  Gemma  magna  Dall. 

Vcrun  tuH  HculpturatuH  11.  C.  Lea.  (rlycirmeria  ftubovata  Say. 

Vi  i.iA  vi'o/M  :  Ixocardia  fraterna  Say. 

Arf-n  tf'uteuaria  Hay.  T.eda  acuta  Conrad. 

\rra  iiHproma  Conrad.  .]Dirrorallista  albaria  Say. 

Area  plicatnra  ('onrad.  Modiolus  dueatelii  Conrad. 

AnaphlH  rrntcnnrla  f.'onrad.  Mulinia  eo)i(jefita  Conrad. 
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T^^ucula  proxima  Say.  PUacoidea  crenulatua  Conrad. 

Ostrea  compreaairoatra  Say.  Phacoidea  contractua  Say. 

Oatrea  aculpturata  Conrad.  Phacoidea  cribrariua  Say. 

Pandora  craaaidena  Conrad.  Phacoidea  triaulcatua  Conrad. 

Panopea  reflexa  Say.  Plicatula  denaata  Conrad. 

Pecten  ehoreua  Conrad.  Plicatula  marginata  Say. 

Pecten  jefferaoniua  Say.  Semele  auhovata  Say. 

Pecten  jefferaoniua  var.  edgecomb-  Tcllina  decliuia  Conrad. 

enaia  Conrad.  Venericardia  granulata  Say. 
Pecten  jefferaoniua  var.  aeptenariua      Venericardia  trid^ntata  Say. 

Say.  Venua  rilcyi  Conrad, 

Pecten  madiaoniua  Say.  Venua  tridacnoidea  Lamarck. 

Phacoidea  anodonta  Say.  Yoldia  laevia  Say. 

RIGHT  BANK  OF  TAR  RIVER,  125  YARDS  BELOW  BELL'S  BRIDGE. 

Pleiatocene:  Feet. 

Coarse  gray  sand,  about 10 

Miocene  (St.  Marys) : 

Gray  to  drab  clay,  somewhat  resembling  diatomaceous  earth 12 

Indurated  marl  layer  in  which  all  the  shells  have  been  removed, 
leaving  only  moulds 1 

Shell  bed,  shells  in  matrix  of  olive-green  to  brown  sand.  Pec- 
tena  especially  abundant.  Some  phosphatic  pebbles,  and  some 
grains  of  glauconite  occur  In  the  matrix 9 

No  exposure  to  water 5 

River  was  7  feet  above  normal  at  time  this  section  was  taken. 

FOSSILS  FROM  TAR  RIVER.  125  YARDS  BELOW  BELL'S  BRIDGE. 

Crustacea:  Coi'bula  inaequalia  Say. 

Balanua  concavua  Broni^  Mulinia  congeata  Conrad. 

Gastropoda:  Oatrea  aculpturata  Conrad. 

Crepidula  fornicata  Linn§.  Phacoidea  contractua  Say. 

Marginella  bella  Conrad.  Phacoidea  crenulatua  Conrad. 

Scaphopoda  :  Phacoidea  triaulcatua  var.  multiatri- 

Dentalium  attenuatum  Say.  atua  Conrad. 

Pelecypoda:  Venericardia  granulata  Say. 

Area  improcera  Conrad. 

RIGHT  BANK  OF  TAR  RIVER,  21  MILES  BELOW  BELL'S  BRIDGE. 

Pleiatocene:  Feet. 
I/oamy  gray  sand  containing  quantities  of  small  pebbles  in  cer- 
tain places  10-12 

Miocene  (St.  Marys)  : 

Light  drab  clay 7 

Sandy  clay,  containing  impressions  of  shells 1 

Iron-stained,  slightly  indurated  sand,  containing  many  shell  im- 
pressions    3 

Blue  argillaceous  sand,  containing  numerous  fossils  well  pre- 
served            10 

Iron-stained  sand  without  fossils  exposed  to  water's  edge G 
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Tar  River,  1  1-2  Miles  Below  A.  C.  L,  Railroad  Bridge, — At  the  turn 
in  the  river,  about  SVo  feet  of  blue  Miocene  sand  appears  below  about 
10  feet  of  loamy  iron-stained  Pleistocene  sand,  the  lower  foot  of  which 
is  decidedly  pebbly. 

SHILOH  MILLS,  TAR  RIVER. 

Pleistocene:  Feet. 
Brown  sandy  loam,  grading  downward  Into  brown  sand  contain- 
ing numerous  very  small  pebbles,  snnd  distinctly  laminated 10 

Miocene  (St.  Marys)  : 

Blue  argillaceous  fine  sand 3^ 

Shell  bed;  perfect  shells  In  matrix  of  blue  sand,  grading  down- 
ward into  lower  member,  a  few  well-rounded  quartz  pebbles  as 
much  as  1  Inch  in  diameter .' • 3% 

Fine  blue  sand,  weathering  to  gray  in  color,  containing  a  few 
shells,  grading  into  member  below 4 

Shell  bed,  perfect  shells  containing  species  similar  to  shell  bed 
above.  Near  base  there  is  a  well-defined  layer  of  Oatrea  sculp- 
turata.  Also,  in  lower  part  extending  up  1-2  feet,  are  a  great 
many  well-rounded  quartz  pebbles,  some  more  than  an  inch  iu 
diameter ;  pieces  of  lignite,  1  piece  2%  feet  long  and  6  inches  in 
diameter;  fragments  of  large  bones,  moderately  water-worn, 
and  large  sharks'  teeth 3-5 

Undulating  contact. 

Crciaccouft: 

Greenish-gray  micaceous  clay  exposed  to  water's  edge,  rather  low 
water    3%-5 

Farm  of  L.  E.  Fountain,  1  Mile  Southwest  of  Tarboro. — Marl  is 
found  all  along  bed  of  stream,  and  a  few  shells  were  coUegted.  The 
fossils  are  contained  in  a  matrix  of  blue  sand  as  along  Tar  River.  The 
marl  is  overlain  by  yellowish-brown  sand,  which  is  probably  blue  where 
unweathered.  Along  road  the  Miocene  is  overlain  by  cross-bedded 
gray  Pleistocene  sand  containing  some  small  pebbles. 

TOWN  CREEK,  SOUTH  OF  WIGGINS  CROSSROADS. 

x\long  the  roadside  the  following  section  is  exposed: 

Pleistocene:  Feet. 

Mottled  red  and  drab  loam 2-4 

Buff  sand  with  some  thin  lenses  of  drab  clay 4^2 

Coarse  arkosic  buff  to  white  sand,  containing  thin  pebble  lenses 
in  places »     S-10 

Miocene  (St.  Marys)  : 

Blue  compact  and  plastic  clay.  As  it  weathers  there  is  a  ten- 
dency for  it  to  break  up  into  thin  lamince  and  become  drab  In 
color,  exposed   5 
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TAR  RIVER,  RIGHT  BANK,  1  MILE  BELOW  OLD  SPARTA  BRIDGE. 

In  a  ravine  the  following  section  was  observed: 

Pleistocene:  Feet. 

Sandy  loam,  mainly  covered  with  vegetation 15 

Miocene  (St.  Marys)  : 

Toagh  blae  clay,  containing  a  few  shell  Impressions  in  certain 

layers 10 

Bine  clay  filled  with  shells  similar  to  those  seen  about  Tarboro ...       12 
Blue  clay  without  fossil  shells,  about 5 

Cretaceous: 

Slate-colored  clay,  breaking  irregularly  and  grading  into  a  sand 

'containing  some  small  pebbles,  exposed 7 

Mud-covered  slopes  to  river,  about 8 

Marl  Pit  of  W.  R,  Horn,  1  l-U  Miles  Northeast  of  Farmmlle. — Mr. 
Horn  has  recently  dug  marl  here,  and  there  is  a  pile  of  marl  by  the 
pit.  Marl  is  similar  to  that  on  Pinelog  Branch.  The  shell  bed  is 
8  feet  thick  and  is  overlain  by  about  6  feet  of  Pleistocene  loam  and 
sand. 

Marl  Pits  on  East  Side  of  Pinelog  Branch,  8  1-2  Miles  West  of 
Greenville. — Old  pits  are  located  here,  from  which  great  quantities  of 
marl  have  been  dug.  The  pits  are  filled  with  water,  but  beside  two  of 
the  pits  which  have  evidently  been  worked  recently  (within  a  few 
years)  there  are  piles  of  marl.  The  shells  are  well  preserved  and  occur 
in  a  matrix  of  greenish-gray  fine  sand.  Portions  containing  Pecten 
ehoreus,  mainly,  are  quite  firmly  indurated.  Small  black  phosphatic 
pebbles  are  present.  Specimens  of  Mulinia  congesta  are  unusually 
abundant.  The  marl  is  only  a  few  feet  thick,  and  evidently  the  Cre- 
taceous is  near  the  surface,  as  a  small  specimen  of  Exogyra  was  found 
beside  the  pit. 

BLUE  BANKS  LANDING.  TAR  RIVER,  ABOUT  6  MILES  NORTHW^EST  OF 

GREENVILLE. 

Pleistocene:  Feet. 

Very  coarse,  light  yellowish  to  white,  arkosic  sand 8 

Miocene  (St.  Marys)  : 

Light  yellow,  stratified  sand,  with  some  thin  drab  clay  layers  at 
top,  poorly  exposed 20 

Thinly  laminated  dark  blue  clay  and  light  gray  sand,  the  latter 
micaceous  and,  in  places,  iron-stained 0-4 

Coarse  sand,  light  yellow  at  top  with  pockets  of  blue  sand  and 
becoming  dark  bluish-green  in  lower  half.  Contains  pieces  of 
bones,  phosphate  pebbles,  quartz  pebbles,  sharks'  teeth,  large 
coprolltes,  etc 0-1 

Cretaceous: 

Dark  green  micaceous  glauconitic  sand  to  water's  edge 18-24 
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The  two  lower  layers  of  the  Miocene  fill  a  basin  in  the  underlying 
Cretaceous  and  are  only  present  in  part  of  the  blufif.  The  Miocene  is 
separated  from  the  underlying  Cretaceous  by  a  well-marked  uncon- 
formity.    (See  Plate  IX,  B,  opposite  p.  209.) 

Road  Crossing  of  Sam's  Branch,  5  Miles  Northxcest  of  Greenville  — 
Exposed  along  roadside  is  a  thickness  of  about  15  feet  of  Miocene 
drab  clay  stained  with  iron  along  cracks  and  overlain  by  about  20  feet 
of  cross-bedded  coarse  brown  to  white  Pleistocene  sand.  This  drab  clay 
is  distinctly  laminated  and  contains  lenses  of  coarse  gray  to  buff  sand. 
The  clay  is  very  sticky  and  is  quite  different  in  appearance  from  the 
common  Miocene  clay.  It  is  similar  in  appearance  to  that  exposed  at 
Blue  Banks  Landing  on  the  Tar  Kiver. 

RAVINE  ALONG  ROAD,  1  MILE  WEST  OF  GREENVILLE. 

Pleistocene  (?)  :  Feet. 

Concealed    3 

Miocene  (St.  Marys)  : 

Stratified  interlaminated  light  drab  and  gray  sand,  stained  with 

iron  in  places 8 

Dark  blue  clay  with  thin  partings  of  gray  to  blue  sand,  with  some 

comminuted  vegetable  matter  in  the  sand '* 

Three  Miles  West  of  Greenville,  West  Sid-e  of  Ha/rris  Mill  Run.— 
Marl  has  been  dug  at  this  point  and  is  similar  to  the  other  marl  of  this 
vicinity.    ^NTumerous  sharks'  teeth  were  found  at  the  pit. 

FOSSILS  FROM  3  MILES  WEST  OF  GREEXVILLE, 

Gastbopoda  :  Crassatellites  undulatus  Say. 

Polynices  heros  Say.  Glycymena  auhoi^ata  Say. 

Turriiella  variahiUs  Conrad.  Glycymeria  americana  de  France. 

Scaphopoda:  Mulinia  congesta  CJonrad. 

Dciitalium  attenuatum  Conrad.  Ostrea  compressirostra  Say. 

Pelecypoda  :  Ostrea  sculpturata  Conrad. 

Aiiomia  simplex  d'Orbigny.  Pecten  jeffersonius  Say. 

Astarte  concentrica  Conrad.  Venericardia  granulata  Say. 

Astarte  symmetrica  Conrad.  Venus  tridacnoides  Lamarck. 

Cardium  Jaqueatnm  Conrad. 

Two  Miles  West  of  Greenville,  Along  Ea^t  Side  of  School  House 
Branch. — At  this  place  there  is  a  series  of  old  marl  pits  from  which 
great  quantities  of  marl  have  been  taken  in  the  past,  and  one  pit  has 
Ix^en  worked  recently.  Tlie  material  consists  of  gray  to  yellow  argil- 
laceous sand,  containing  great  quantities  of  perfectly  presented  shells, 
bones,  and  some  phosphatic  pebbles. 
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FOSSILS  FROM  2  MILES  WEST  OF  GREENVILLE. 


Gastbopoda  : 

Lirosoma  sulcoaa  Courad. 

Turrit ella  variabilis  Conrad. 
Pelecypoda  : 

Astarte  symmetrica  Conrad. 

Crassatellites  undulatus  Say. 

Olycymeris  americana  de  France. 

Qlycymeris  subovata  Say. 

Mulinia  congesta  Conrad. 

Ostrea  compressirostra  Say. 

Ostrea  sculpturata  Conrad. 


Pecten  madisonius  Say. 
Pecten  eboreus  Conrad. 
Pecten  jeffersonius  Say. 
Phacoides  anodonta  Say. 
PHcatula  marginata  Say. 
Venericardia  granulata  Say. 
Venus  campecJiiensis  Conrad. 
Venus  rileyi  Conrad. 
Phacoides  crenulatus  Conrad. 
Phacoides  trisnlcatus  Conrad. 


The  St.  Marys  Miocene  outcrops  along  the  Tar  River  about  %  mile 
above  Greenville,  where  it  consists  of  light  gray,  rather  compact  sand, 
containing  poor  fossil  casts. 

RIGHT  BANK  OF  TAR  RIVER,  AT  GREENVILLE.  JUST  BELOW  BRIDGE. 

Pleistocene:  Feet. 

Brown  to  buff,  coarse,  stratified  and  cross-bedded  sand,  largely 

concealed  by  vegetation 12 

Pebble  band,  pebbles  of  quartz  and  wbite  Miocene  clay  In  matrix 

of  gray  sand : . .         3 


Miocene  (St.  Marys)  : 

Fine,  somewbat  sandy  white  diatomaceous  (?)  clay,  containing 
a  few  small  quartz  pebbles  and  filled  with  fossil  impressions 

Shell  bed,  shells  rather  fragile  in  matrix  of  ferruginous  brown 
sand  

Gray  to  buff  to  yellow,  fine  to  medium  coarse  sand,  containing 
many  fossil  impressions  in  places  and  in  one  place  a  small  lens 
of  shells.  There  Is  a  little  glauconite  present.  Exposed  to 
water's  edge,  low  water 


FOSSILS  FROM  TAR  RIVER  AT  GREENVILLE. 

Pelecypoda  : 


4 
3% 


Gastbopoda  : 

Cadulus  thallus  Conrad. 
Calliostoma  philanthropus  Conrad. 
CreinduJa  aeuleata  Gmelin  var.  cos 

tata  Morton. 
Crepidula  fornicata  Say. 
CrepiduJa  plana  Say. 
Fissuridea  redifnicula  Say. 
Marginella  limatula  Conrad. 
Auritiia  mutabilis  Conrad. 
Teinostoma  nanum  H.  C.  Lea. 
Turhonilla  reticulata  C.  B.  Adams. 
Turritella  variabilis  Conrad. 
Vermetus  sculpturatus  H.  C.  Lea. 

SCAPHOPODA  : 

Dentalium  attennatum  Say. 


Aligena  aequo t a  Conrad. 
Anomia  aculeata  Gmelin. 
Anomia  simplex  d'Orbigny. 
Asapjiis  centenaria  Conrad. 
Astarte  concentrica  Conrad. 
Astarte  symmetrica  Conrad. 
Astarte  undulata  Say. 
Calocardia  sayana  Conrad. 
Cardium  laqueatum  Conrad. 
Cardium  sp. 
Corbula  inacqualis  Say. 
Crassatellites  undulatus  Say. 
Dosinia  acetabulum  Conrad. 
Ensis  dircctus  Conrad. 
Glycymeris  americana  de  France. 


224 


THE    COASTAL    PLAIN    OF   NORTH    CAROLINA. 


Olycymeris  auhovata  Say. 
Leda  acuta  Conrad. 
Macrocallisia  albaria  Say. 
Modiolus  ducatelii  Conrad. 
Mulinia  congesta  Conrad. 
Nucula  proxima  Say. 
Xucula  taphria  Dall. 
Ostrea  compressirostra  Say. 
Ostrea  sculpturata  Say. 
Pandora  crassidens  Conrad. 
Panopea  reflexa  Say. 
Pecten  decemnarius  Conrad. 
Pecten  ehoreus  Courad. 
Pecten  jeiJeraoniua  Say. 
Pecten  madisonius  Say. 


Pecten  jeffersonius  var.  edgcombemii 

Conrad. 
Pecten  jeffersonius  var.  septeiiarius 

Say. 
Phacoides  anodonta  Say. 
Phacoides  crenulatus  Conrad. 
Phacoides  trisulcatus  Conrad. 
PHcatula  marginata  Say. 
Rangia  clathrodonta  Conrad. 
Semele  auhovata  Say. 
Venericardia  pranulata  Say. 
Venus  campechiensis  Conrad. 
Venus  rileyi  Conrad. 
Venus  tridacnoides  Lamarck. 
Yoldia  lac  vis  Say. 


Four  Miles  Southeast  of  Greenville  on  Hardee  Creeh. — Compact 
bluish-gray  sand  filled  with  fossil  shells,  Mulinia  congesta  especially 
abundant.  Some  coral  and  water-worn  sharks'  teeth  have  been  dug  at 
this  point  for  fertilizing  purposes.  The  marl  pits  are  filled  with  water 
so  that  the  marl  was  not  observed  in  place. 

Xine  to  Ten  Miles  South  of  ^Greenville  on  New  Bern  Road. — Marl 
has  been  dug  at  several  places  in  this  vicinity.  The  marl  consists  of 
a  bluish-gray  argillaceous  sand  filled  with  fossil  shells  and  some  black 
phosphatic  pebbles.    It  lies  about  8  feet  beneath  the  surface. 

Marl  Pit  About  1 1-2  Miles  West  of  Galloway  Cross  Roads,  and  8  or 
9  Miles  Southeast  of  Greenville. — Marl  has  been  dug  in  considerable 
quantities  on  Juniper  Branch,  1/4  mile  to  east  of  main  road.  It  con- 
sists largely  of  calcareous  clay,  but  there  are  shells  in  the  upper  part. 
The  matrix  is  calcareous  sand.  The  marl  is  struck  at  about  4  feet  from 
the  surface. 

Two-thirds  Mile  North  of  Galloway  Cross  Roads. — The  marl  stratum 
has  furnished  marl  for  fertilizing  purposes  at  this  point. 

One-half  Mile  Below  Cherry  Landing,  Tar  River,  6  Miles  Below 
Greenville. — Section  well  exposed  for  several  hundred  yards  along  right 
bank. 


Pleistocene: 

White  loose  sand, 


Feet. 
3-6 


Miocene  (St.  Marys)  : 

Dark  greenish-gray  sandy  clay  with  ferruginous  streaks  at  top 6 

Groonish-grny  argillaceous  clay  full  of  fossils S 

Similar  to  above,  but  less  sandy  and  becoming  hard  and  slippery 
at  base,  being  without  sand  content  and  containing  fewer  fossils.     CH* 


The  horizon  represented  here  is  the  same  as  at  Taft's  Landing, 


TEBTIABY   FOBMATIOKS.  225 

TAFT'3  LANDING,  TAR  RIVER.  6J   MILES  BELOW  GREENVILLE.   RIGHT  BANK. 

Pleistocene:  feet. 

Gray  sand,  ferruginous  at  base 7 

Miocene  (St.  Marys) : 

Dark  greenish-gray  arenaceous  clay  with  thin  laminae  of  fine  sand, 
iron-stained  in  places,  with  some  fossils  and  casts  near  base. 
Dark  green  or  greenish-gray  sandy  clay  full  of  shells  at  top 
with  fewer  shells  at  base 6 

Marl  Pits  1-2  Mile  Xorth  of  Grimesland  on  Tributary  of  Chilcod 
Creek. — ^Marl  has  been  dug  here  within  a  few  years  and  seems  to  be 
the  same  formation  as  that  about  Greenville,  Tarboro,  and  Rocky 
Mount.  The  marl  is  very  different,  lithologicaUy,  from  that  near  Choc- 
owinity,  though  so  few  fossils  could  be  found  that  it  is  difficult  to  say 
how  unlike  it  is  paleontologically.  The  shells  are  found  in  a  blue  sand 
matrix,  and  fragments  of  shells  seem  to  be  wanting.  The  owner  of  the 
pit  reports  that  in  this  same  vicinity  the  f ragmental  marl — red  marl — 
occurs,  so  that  it  seems  that  the  Torktown  and  St.  Marys  formations 
occur  here. 

SECTIONS  ALONG  CONTENTNEA  CREEK  AND  ITS  TRIBUTARIES. 

Record  of  County  Well  at  Wilson,  N".  C,  located  on  Courthouse 
Square. 

Pleistocene:  Pbbt. 

Fine  yellow  argillaceous  sand  at  depth  of 1-10 

Fine  yellow,  slightly  argillaceous  sand 10-20 

Mottled  pink  and  white  finely  arenaceous  clay 20-30 

Miocene  (St.  Marys)  : 

Bluish  drab  clay 30-50 

Greenish-gray  sandy  clay,  with  a  few  shell  fragments  as  follows: 
Mulinia  sp.  ( ?),  Pecten  sp.,  Phacoides  crenulatus 50-55 

Marine  shells  more  or  less  fragmentary,  with  an  admixture  of 
coarse  quartz  sand  and  angular  pieces  of  quartz,  and  pieces  of 
crystalline  rock  up  to  %  inch  in  diameter.  The  following  forms 
were  recognized:  Area  sp.,  Balanus  concavus,  Cadulus  thallus, 
Crepidula  aculeatat  Crepidula  fornicata,  Echinoid  spines,  Ensis 
sp.,  Mulinia  congestaj  Ostrca  sculpturata,  Phacoides  crenvJatus, 
Venus  rileyi,  Yoldia  laevis 55-60 

Shells  more  or  less  fragmentary,  with  some  admixture  of  coarse 
angular  quartz  sand  and  angular  pieces  of  quartz  up  to  %  inch 
in  diameter.  The  following  forms  were  recognized :  Area 
sp.  (?),  Mulinia  congest  a,  Pecten  ehoreus,  Venus  sp CO-65 

Greenish-gray  calcareous  clay 65-75 

Pre-Cambrian: 

Crystalline  rock,  considerably  decomposed  in  upper  portion,  less 

so  in  the  lower  levels SO-113 

15 
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On  Toisnot  Creek,  about  %  mile  north  of  Wilson,  N".  C,  marl  was 
formerly  dug.  The  old  marl  pit  was  filled  with  water.  The  marl  could 
not  be  seen  in  place. 

On  Hominy  Creek,  just  west  of  Wilson,  old  marl  pits  were  found, 
but  no  marl  was  exposed  because  of  the  water  which  fills  them.  Some 
specimens  of  fossils  from  the  marl  are  found  about  the  pit. 

MARL  PIT  NEAR  WILSON. 

Gastbopoda:  Crasaaiellites  lunulatiis  Conrad. 

Crepidula  fornicata  Say.  Crassatellites  vndulatua  Say. 

Crepidula  plana  Say.  Cumingia  medialia  Conrad. 

Marginella  Umatula  Cournd.  Diplodonta  acclinis  Conrad. 

Polynices  duplicatus  Say.  Divaricella  quadrisulcata  d'Orbigny. 

Sella  adamsi  II.  C.  Lea.  En  sis  directus  Conrad. 

Teinostoma  nanum  H.  C.  Lea.  (iafrurium  rnvtaatriaimn  Conrad. 

Teinostoma  undula  Dall.  Gemma  magna  Dall. 

Tornatina  canaliculata  Say.  Oemma  trigona  Dall. 

Tnrhonilla  interrupta  Totten.  Leda  acuta  Conrad. 

Turhonilla  reticulata  C.  B.  Adams.        Modiolus  ducatelii  Conrad. 

Turritella  variahilis  Conrad.  Mulinia  congesta  Conrad. 

Pelecypoda  :  Nucula  proxima  Say. 

Ahra  aegualis  Say.  Ostrea  sculpturata  Conrad. 

Aligena  aequata  Conrad.  Pecten  ehoreus  Conrad. 

Anomia  aculeata  Gmelin.  Phacoides  crenulatus  Conrad. 

Anomia  simplex  d'Orblfjny.  Plicatula  marginata  Say. 

Area  improcera  Conrad.  TcUina  declivis  Conrad. 

Area  limula  Conrad.  Vciwricardia  granulata  Say. 

Astarte  concenirica  Conrad.  Venus  rileyi  Conrad. 

Cardium  sp.  Yoldia  laevis  Say. 

Marl  Pits  of  Jack  Batchelor,  2  Miles  Soidlieast  of  Sharpsburg. — 
Several  old  pits  occur  here,  but  no  marl  has  been  dug  for  20  years  at 
least.  A  few  fossils  collected.  Mulinia  congesta  makes  up  almost 
entire  marl. 

Seven  Miles  Southeast  of  Wilson,  East  Side  of  White  Oak  Swamp. — 
At  this  place  a  bed  of  marl  lies  from  5  to  7  feet  beneath  the  surface. 
The  overlying  Pleistocene  material  consists  of  loose  laminated  sand, 
while  the  Miocene  fossil  shells  and  bones  are  contained  in  a  matrix 
of  argillaceous  bluish  drab  sand. 

CONTENTNEA  CREEK.  \  MILE  ABOVE  SPEIGHTS  BRIDGE. 
Pleistocene:  Feet. 

Concealed  by  vegetation 12 

Sand  poorly  exposed,  with  gravol  baud  at  base 12-15 

Miocene  (St.  Marys?)  : 

Laminated  dark  brown  loamy  clay,  containing  some  fine  commi- 
nuted vegetable  matter 3 

Light  yellow,  iron-stained  sand,  coutaiulug  a  small  amount  of  lig- 
nite    6 
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Cretaceous  (Patuxent)  :  Pj.^^ 

Compact  drab  sandy  micaceous  clay 4 

Compact  micaceous  arkosic  sand 6 

At  Speights  Bridge,  Contentnea  Creek,  the  St.  Marys  Miocene  is 
exposed.  It  consists  of  a  calcareous  sandstone  containing  numerous 
fossil  casts,  Mulima  congesta  being  the  most  abundant. 

Miocene  strata  are  exposed  along  Contentnea  Creek  in  the  vicinity 
of  Snow  Hill  in  many  places,  though  definite  information  in  regard  to 
them  is  lacking. 

ONE  MILE  NORTH  OF  CASTORIA,  MARL  PITS  ON  PROPERTY  OF  A.  R.  HINSON. 

Pleistocene:  Feet. 

Black  loose  sandy  silt  loam 3 

Gray  and  brown  sand 3 

Miocene  (St.  Marys)  : 

Dense  blue  micaceous,  argillaceous  sand,  with  little  acicular  quartz 
crystals  between  the  laminae 2 

Shell  marl,  matrix  a  bluish  drab,  rather  sticky  clay,  somewhat 
sandy  in  certain  places.  Shells  well  preserved  and  very  numer- 
ous            7 

ONE  MILE  EAST  OF  LIZZIE.  OX  JIM  BRANCH. 

Pleistocene:  Feet. 

Drab  plastic  clay  loam,  weathering  yellow 2 

Miocene  (St.  Marys)  : 

Bluish-drab  laminated  sandy  clay 3-4 

Marl  bed  composed  of  loose  sand,  containing  considenible  argilla- 
ceous matter  in  places  and  numerous  fossils,  consisting  princi- 
pally of  molluscan  remains,  though  some  Echinoid  spines,  sharks' 
teeth  and  bones  are  present.  It  also  contains  a  few  black  phos- 
phatic  pebbles  15 

Four  Miles  East  of  Lizzie,  Greene  County, — Marl  has  been  dug  in 
this  vicinity  in  a  great  many  places  in  the  past.  The  matrix  consists 
of  a  gray,  argillaceous  sand,  containing  numerous  small  Pelecypods, 
some  sharks'  teeth,  and  occasional  phosphate  pebbles  and  vertebrate 
bones.  The  marl  does  not  outcrop,  but  lies  about  5  feet  below  the 
flood  plain  of  the  stream.  It  is  said  to  vary  in  thickness  from  7  to  10 
feet.     The  fossils  found  here  are  both  varied  and  plentiful. 

One-half  Mile  West  of  Lizzie,  Greene  County, — Marl  has  been  dug 
on  the  lowlands  irl  this  vicinity  and  consists  of  a  gray  calcareous  sand 
filled  with  small  Pelecypod  shells  and  containing  a  few  phosphatic 
pebbles. 

Marl  Pits  on  Jacob  Branch,  2  Miles  Southeast  of  TugweU,  Pitt 
County, — There  are  a  number  of  marl  pits  at  this  place,  two  of  which 
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have  been  worked  recently  and  have  piles  of  marl  about  them.  The 
marl  is  similar  to  that  along  Pine  Log  Branch,  except  for  the  predom- 
inance of  Glycymeris  and  Venericardia  granuUita. 

Black  Swamp,  2  Miles  North  of  Farmville. — There  are  a  number  of 
old  water-filled  marl  pits  here,  but  no  fossils  could  be  found. 

All  along  the  Little  Contentnea  Creek  and  its  tributaries  marl  occurs 
and  has  been  dug  in  the  past.  The  marl  does  not  outcrop,  but  is 
reached  by  digging  in  the  flood  plain  to  a  depth  of  5  to  10  feet.  Some- 
times the  water  interferes  with  digging,  as  the  marl  is  below  the  level 
of  the  water  in  the  streams.  The  pits  fill  with  water  as  soon  as  digging 
ceases  and  fish  get  into  these  holes  when  the  streams  overflow.  These 
old  marl  pits  are  better  for  fishing  than  are  the  streams,  and  can  usually 
be  located  by  paths  leading  to  them,  made  by  the  fishermen. 

One-half  Mile  East  of  Ormondsville, — Some  shells  found  about  old 
marl  pits  in  this  vicinity  indicate  that  the  marl  underlies  practically 
this  whole  region  between  Contentnea  Creek  and  the  Tar  River. 

Two  and  One-third  Miles  North  of  Standard,  Pitt  County, — Charac- 
teristic St.  Marys  marl  occurs  along  a  small  stl*eam  and  many  marl 
pits  are  present  in  this  vicinity.  Some  of  the  marl  seems  to  have  been 
rather  firmly  indurated. 

Plantation  of  /.  A,  Nohles  Along  a  Branch  1  Mile  South  of  Road 
Leading  from  Frog  Level  to  Standard,  Pitt  County, — There  is  a  long 
series  of  old  pits  here.  Marl  lies  but  a  few  feet  from  the  surface.  The 
matrix  is  a  blue-gray  sand  which  weathers  to  iron-red  colors.  The 
larger  shells  were  almost  all  broken. 

Three  Miles  North  of  Grifton,  Pitt  County. — Numerous  marl  pits  in 
this  vicinity  indicate  that  the  St.  Marys  Miocene  is  well  developed  in 
this  vicinity.  In  some  places  the  marl  seems  to  consist  almost  entirely 
of  shells  with  very  little  sand  matrix. 

Old  Woma/n  Branch,  Pitt  County. — Marl  pits  are  said  to  be  numerous 
along  this  branch,  though  none  of  them  have  been  worked  for  a  number 
of  years. 

TWO  MILES  EAST  OF  GRIFTON,  PITT  COUNTY. 

Pleistocene:  Feet. 

Loose  black  silt  loam %-l 

Loose,  coarse,  gray  to  brown  sand,  iron-stained  in  places 2-3 

Miocene  (St.  Marys)  : 

Shell  bed,  fossil  shells  contained  In  a  matrix  of  argillaceous  blue 
to  drab  sand,  cemented  by  iron  in  some  places.  Most  of  the 
shells  are  fragmentary,  though  some  are  entire 0-5 

Blue  sandy  marl,  containing  a  few  fossils 12 

This  lower  member  has  not  been  cut  through.  It  may  be  considerably 
thicker  than  12  feet. 


1 
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One  and  One-fourth  Miles  West  of  Waiters,  Wayne  County. — Mio- 
cene marl  was  dug  at  this  place  a  few  years  ago.  The  fossil  shells  rep- 
jesent  a  large  variety  of  species  and  are  contained  in  a  matrix  of  bluish- 
gray  argillaceous  sand. 

YORKTOWN    FORMATION. 

Name. — The  Torktown  formation  receives  its  name  from  Torktown, 
Virginia,  where  beds  of  this  age  are  well  developed  and  from  whence 
many  excellent  fossils  have  been  obtained.  The  name  "Yorktown"  was 
applied  to  all  the  Miocene  and  Pliocene  strata  of  the  Atlantic  Coastal 
Plain  by  James  D.  Dana  in  1863,  but  not  until  1906  was  the  formation 
definitely  described  by  Clark  and  Miller  (Va.  Geol.  Surv.  Bull.,  No.  II, 
pp.  19-20,  Richmond,  Va.,  1906).  The  formation  has  not  been  repre- 
sented as  extending  south  of  Virginia  in  any  publications  that  have  thus 
far  appeared,  but  in  the  collection  of  material  for  this  chapter  it  has 
been  found  that  the  formation  with  few  changes  does  extend  from 
Virginia  southward  into  the  State  of  North  Carolina. 

The  beds  in  North  ^Carolina  that  are  now  referred  to  the  Yorktown 
formation  have  usually  been  considered  a  part  of  the  undifferentiated 
Miocene,  though  the  '  same  strata  were  referred  by  Heilprin  to  the 
"Carolinian  division"  of  the  Miocene. 

Definition. — The  Yorktown  formation  comprises  the  latest  Miocene 
strata  of  northern  North  Carolina  and,  with  the  Duplin  formation, 
which  is  probably  in  part  contemporaneous,  constitute  the  uppermost 
divisions  of  the  Miocene  of  the  Atlantic  Coastal  Plain.  In  Virginia 
two  Miocene  formations  are  found  beneath  the  St.  Marys  and  the  York- 
town,  but  these  have  as  yet  not  been  recognized  in  North  Carolina,  and 
it  seems  that  they  are  entirely  absent.  The  Yorktown  rests  directly 
upon  the  St.  Marys,  with  which  it  is  unconformable. 

This  formation  extends  in  discontinuous  patches  across  the  north- 
eastern part  of  the  State,  being  especially  well  represented  along  the 
Chowan,  Lower  Roanoke,  Lower  Tar,  and  Lower  Neuse  rivers  and 
their  tributaries.  Other  isolated  patches  of  small  areal  extent  are  found 
in  intervening  regions. 

As  stated  above,  the  Yorktown  formation  rests  upon  the  St.  Marys 
strata  wherever  these  are  developed,  but  in  their  absence  it  is  found  in 
immediate  contact  with  the  underlying  Eocene  or  Cretaceous.  Along 
Wiccacon  Creek  and  the  Chowan  River  it  rests  upon  St.  Marys  strata, 
and  the  same  is  true  of  the  deposits  found  near  Washington  on  the  Tar 
River.  Along  the  Lower  Neuse  River  in  the  vicinity  of  New  Bern  the 
St.  Marys  formation  is  wanting,  and  there  the  Yorktown  rests  directly 
upon  the  Trent  formation.    This  is  well  exhibited  at  Rock  Landing  on 
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the  Neuse  River,  about  16^^  miles  above  New  Bern.  At  that  point 
the  Trent  is  well  exposed  along  the  river  bank  overlain  by  a  thin  layer 
of  Pleistocene,  while  a  few  rods  away,  along  a  small  tributary  stream, 
the  Yorktown  Miocene  is  well  developed  and  shows  its  usual  lithologic 
characteristics. 

The  Yorktown  formation  is  overlain  by  Pleistocene  deposits  wherever 
sections  have  been  exposed  to  view,  but  there  are,  no  doubt,  beneath 
the  Pleistocene  covering,  many  places  where  the  Pliocene  beds  are  in 
immediate  contact  with  the  Yorktown  strata. 

In  !N'orth  Carolina  the  Yorktown  is  unconformable  with  all  the 
strata  with  which  it  is  in  contact,  both  the  older  and  the  younger 
formations.  On  this  basis  alone  it  could  be  separated  from  all  of  the 
other  formations  of  the  State.  Its  lithologic  and  paleontologic  charac- 
ters, however,  are  also  diagnostic. 

The  Yorktown  strata  were  deposited  in  marine  waters  that  were 
mainly  of  very  shallow  depth.  The  formation  consists  principally  of 
sands  and  shell  marls  with  slight  admixtures  of  clay  and  occasional  clav 
laminae.  The  marl  beds  can  usually  be  distinguished  from  the  marl 
beds  of  the  St.  Marys  formation  by  the  presence  of  large  quantities  of 
shell  fragments.  These  fragmentary  shell  beds  are  best  developed  at 
Yorktown,  Virginia,  though  they  are  also  seen  in  a  number  of  places  in 
North  Carolina,  particularly  at  Tar  Ferry  on  Wiccacon  Creek  in  Hert- 
ford County  and  at  Rock  Landing  on  the  Neuse  River  in  Craven 
County.  In  certain  places  these  fragmentary  shell  deposits  closely 
resemble  the  beach  materials  present  on  some  of  the  coral  isLinds 
of  the  West  Indies.  Associated  with  these  fragmentary  shells  are 
many  more  or  less  perfect  shells,  some  of  which  show  evidence  of 
having  been  worn  by  the  water,  while  in  others  there  is  no  indication 
of  their  having  been  moved  after  the  death  of  the  animal.  Some  of  the 
most  perfect  fossils  are  the  shells  of  boring  Mollusca  that  had  evidently 
buried  themselves  in  the  bottom  of  the  shallow  water.  Specimens  of 
Panopea  are  found  upright  in  these  deposits  in  a  perfect  state  of  pres- 
ervation. The  shell  marls  of  the  Yorktown  formation  are  usually 
loose,  though  occasionally  they  have  been  cemented  by  percolating 
waters  and  form  a  rather  firm  fragmental  limestone  not  unlike  coquina 
rock.  The  marls  of  the  Yorktown  formation  are  rich  in  lime  and  have 
been  quarried  for  fertilizing  purposes  in  a  number  of  localities  through- 
out the  State.  Old  marl  pits  in  this  formation  are  numerous  in  Hert- 
ford, Martin,  Beaufort,  and  Craven  counties. 

Besides  the  marl  deposits,  the  Yorktown  formation  contains  much 
sand  that  is  usually  light  colored  and  fine  grained.  In  some  localities 
the  sand  when  fresh  is  bluish-gray  in  color,  but  on  weathering  loses  its 
original  color  and  becomes  light  gray  to  buff. 
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The  detailed  sections  that  are  given  on  later  pages  furnish  examples 
of  the  different  materials  that  constitute  the  Yorktown  formation. 

Thickness. — The  Yorktown  formation  is  of  variable  thickness,  de- 
pending somewhat  upon  the  amount  of  erosion  which  it  has  suffered 
since  its  deposition.  In  Hertford,  Bertie,  Martin,  Beaufort,  and  Cra- 
ven counties  it  is  rather  thin,  probably  never  more  than  50  feet  in 
thickness.  It  may  thicken  to  the  eastward,  as  the  Coastal  Plain  forma- 
tions so  frequently  do,  though  we  have  no  evidence  that  such  is  the 
case  in  regard  to  this  formation. 

The  different  areas  of  the  Yorktown  formation  may  perhaps  repre- 
sent somewhat  different  horizons,  in  which  case  the  total  thickness  may 
be  somewhat  greater.  Until  the  paleontologic  investigations  have  been 
carried  farther  it  will  not  be  possible  to  determine  this  point. 

The  great  beds  of  shell  marl  that  form  such  an  important  part  of  the 
Yorktown  formation  have  yielded  a  great  variety  of  fossils. 

Lists  of  fossils  from  different  localities  are  given  in  the  detailed  sec- 
tions on  a  later  page  and  show  the  rich  fauna  obtained  from  the  York- 
town  formation  in  this  State.  Beside  the  forms  that  have  been 
determined,  there  are  many  other  new  species  from  almost  ev^ry  locality 
from  whence  collections  have  been  made  that  have  as  yet  not  been 
described.  When  the  fauna  of  the  Yorktown  formation  is  completely 
described  it  will  probably  be  found  to  be  one  of  the  richest  faunas  in 
numbers  of  species  represented  in  this  country.  The  fossils  from  York- 
town,  Va.,  have  been  more  carefully  studied  up  to  the  present  time 
than  those  from  any  locality  in  the  Yorktown  formation  in  I^orth 
Carolina,  and  for  that  reason  the  list  of  species  identified  by  Dr.  Dall 
from  that  locality  is  given. 

FOSSII5  FROM  YORKTOWN,  VA. 

Gastbopoda:  Conus  diluviantts  Green. 

Anachis  han'isii  Dall.  Crepidula  aculeata  Gmeliu  var.  cos- 

CalUoBtoma  sp.  tata  Morton. 

Calliosioma  hriani  Conrad.  Crepidula  fruuicata  Say. 

Calliostoma  distans  Conrad.  Crepidula  plana  Say. 

CallioHtoma  harrisii  Dall.  Creseis  recta  Blainville. 

Calliostoma  mitchelli  Conrad.  CruciWlum  ramosum  Conrad. 

Calliostoma  ruffini  II.  C.  Lea.  Drillia  sp. 

Calliostoma  philauthropus  var.  basi-     Drillia  sp. 

cujti  Dall.  Drillia  churnca  Conrad. 
Calliostoma  philanthropus  Conrad         Drillia  tricatenaria  Conrad. 

vars.  Ecpliora  quadricostata  Saj*. 

Calliostoma  virginicum  Conrad.  Fissurella  sp. 

Caecum  sterensoni  Meyer.  Fissurella  marylandica    (Conrad). 

Caecum  virginianum  iMejer.  Fissurella  rcdimicula  (Say). 

ClatJiurella  sp.  Ilyanassa  gran  if  era  Conrad. 
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Ilyanassa  isogramma  Dall. 
Ilyanasitaf   (Paranassa)   porcina 

(Say). 
Litorina  irrorata  (Say). 
Marginella  bell  a  Conrad. 
MargincUa  limatula  Conrad. 
A'a^^a  (Paranassa)  harpuloidcs 

Conrad. 
Pcristcnna  filicata  Conrad. 
Pleurotoma  limatula  Conrad. 
Pol yti ices    (yeverita)    duplicatus 

(Say). 
Ptychosalpinx  altilis  Conrad. 
Ptychosalpinx  laqueatum  Conrad. 
Ptychosalpinx  tuomcyi  H.  C.  Lea. 
Scala  sp. 

Solarium  nuperum  Conrad. 
Turritella  alticostata  Conrad. 
XJrosalpinx  trossulus  Conrad. 

SCAPHOPODA  : 

Cadulus  thallus  Conrad. 
Dentalium  attcnuatum  Say. 
Pelecypoda  : 
Ahra  subreflcra  Conrad. 
Anomia  aculcata  Linn^. 
Area  carolinensis  Wagner. 
Area  (Barhatia)  centenaria  Say. 
Area  (NoeHa)  incile  Say. 
Area  lienosa  Say. 
Area  starninea  Say. 
Astarte  conecntriea  Conrad. 
Astarte  exaltata  Conrad. 
Astarte  obruta  Conrad. 
Bornia  sp. 

Bornia  triangula  (H.  C.  Lea). 
Callocardia  subnasuta  Conrad. 
Callocardia  sayana  Conrad. 
Cardita  (Carditamcra)  ara/o  Conrad. 
Cardium  tacnoplcura  Dall. 
Chama  conf/ref/ata  Conrad. 
Cham  a  corticosa  Conrad. 
Chianc  hitilirata  Conrad. 
CorhuUi  sp. 

Corhula  inaefiualis  Say. 
CrassatcUitcH  si). 
CnissaicUitcs  undtilata  Say. 
Cras.satcUitcs  (CrassinrUa)   (jnlvesto- 
ncnais  Harris. 


Crassatellites  (Crassinella)  lunulatus 
Conrad. 

Cumingia  medialis  Conrad. 

Diplodonta  acelinis  Conrad. 

Diplodonta  nucleifonnis  Wagner. 

Diplodonta  yorkensis  Dall. 

Divaricella  quadrisulcata  d'Orblgny. 

Dosinia  acetabulum  Conrad. 

Ensis  magna  rar.  virginiana  Dall. 

Glycymeris  americana  de  France. 

Glycymeris  subovata  Say. 

Isoeardia  fraterna  Say. 

Leda  acuta  Conrad. 

Maeoma  conradi  Dall. 

Macomb  virginiana  Conrad. 

Mucrocallista  albaria  Say. 

Modiola  dueatelli  Conrad. 

Modiolaria  virgin  tea  Conrad. 

Montaeuta  sagrituita  Dall. 

Mya  arenaria  Llun4. 

Mulinea  congesta  Conrad. 

yucula  proxima  Say. 

Ostrea  sculpturata  Conrad. 

Pandora  arenosa  Conrad. 

Panopea  reflexa  Say. 

Peeten  decemnarius  Conrad. 

Pectcn  eborcus  Conrad  var.  yorken- 
sis Coni'ad. 

Peeten  edgeeombensis  Conrad. 

Peeten  jeffersonius  Say. 

Peeten  madisonius  Say  var. 

Petricola  ( Rupellaria )  harrisii  Dall. 

Phacoides  (Pseudomiltha)  anodonta 
Say. 

Phacoides  (Parvilucina)  crenulata 
Conrad. 

Phacoides  (Lucinisca)  cribrarius  ^ay. 

Racta  alta  Conrad. 

Rangia  elathrodonta  Conrad. 

Roehefortia  sp. 

Semele  nueuloides  Conrad. 

Semele  subovata  Say. 

Sphenia  fiubia  H.  C.  Lea. 

Spisula  delumbis  Conrad. 

fipisula  modieella  Conrad. 

Spisula  subparilis  Conrad. 

Sportella  yorkensis  Dall. 

Tagelus  gibbus  Spengler. 

Tellina  (Merisca)  aequistriata  Say. 
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TeUina  (Angulus)  dupliniana  Dall. 
Tellina  (Angulus)  declivis  Conrad. 
TeUina  (Angulus)  sp. 
Tellina  iAngulu8)  propetenella  Dall. 
Thracia  transversa  H.  C.  Lea. 
Venericardia  (Cyclocardia)  granu- 

lata  Say. 
Venericardia  {Pleromeris)  pcrplana 

Conrad. 


Venus  {Tridacnoides)   deformis  Say. 

Venus  (Tridacnoides)  rileyi  Conrad. 

Venus  plena  Conrad. 

Venus  plena  Conrad  var.  inflata  Dall. 

Venus  plena  Conrad  var.  nucca  Dall. 

Yoldia  lacvis  Say. 

Yoldia  laevisf  Say. 


The  Yorktown  formation  stretches  in  a  belt  across  the  State  from 
northeast  to  southwest  as  far  as  the  Neuse  River.  It  seems  to  be  prac- 
tically continuous  beneath  the  Pleistocene  cover  from  the  Dismal 
Swamp  in  Gates  County  southward  through  Hertford,  Chowan,  Bertie, 
Washington,  Martin,  Beaufort,  Pitt,  and  Craven  counties  to  the  Neuse 
River.    South  of  the  Neuse  River  it  has  not  been  recognized. 

The  Yorktown  formation  locally  has  dips  of  5  to  10  d^rees,  but  these 
are  unusual.  So  far  as  instrumental  observations  can  determine  the 
inclination  of  the  beds,  the  formation  is  practically  horizontal.  Occupy- 
ing depressions  in  the  irregular  surface  of  the  older  formations,  the 
basal  beds  may  dip  with  the  slope  of  the  depressions,  but  the  upper 
beds  are  practically  level.  It  probably  everywhere  has  a  general  dip  of 
a  few  feet  t^  the  mile  toward  the  ocean. 

Detailed  Sections. 

TAR  FERRY,  WICCACON  CREEK,  HERTFORD  COUNTY. 

Pleistocene:  Feet. 

Yellowish-brown  clay  loam 13 

Miocene  (Yorktown)  : 

Fine  gray  sand 4 

Marl  layer,  perfectly  preserved  shells  in  matrix  of  broken  shells 
and  sand.  Sand  is  blue  when  unweathered,  yellow  where  ex- 
posed. This  material  seems  to  extend  to  water,  though  ex- 
posures are  poor  at  base,  and  some  of  it  may  have  slipped  down 
from  above 20 

FOSSILS  FROM  TAR  FERRY,  WICCACOX  CREEK. 

Gastbofoda:  Tornatina  canaliculata  Say. 

Crepidula  fornicata  Say.  Triforis  perversa  Llnn6  var.  nigro- 

Dentalium  attenuatum  Say.  cincta  Adams. 

Marginella  contracta  Conrad.  Turhonilla  interrupta  Totten. 

Marginella  denticulata  Conrad,  Turritella  variabilis  Conrad. 

Marginella  limatula  Conrad.  Vermetus  graniferus  Say. 

Olivella  mutica  Say.  Vermetus  sculpturatus  H.  C.  I^ea. 

Polynices  duplicatus  Say.  Pelecypoda: 

Scalaspira  strumosa  Conrad.  Ahra  aequalis  Say. 

Seila  adamsi  H.  C.  Lea.  Area  limula  Conrad. 

Teinostoma  nanum  H.  C.  Lea.  Astarte  concentrica  Conrad. 
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Aatarte  undulata  Say. 
Bornia  triangula  Dall. 
Callocardia  sayana  Courad. 
Cardita  arata  Courad. 
Corhula  cuneaia  Say. 
CorbuJa  inacqualis  Say. 
CrassatcUites  lunulatus  Conrad. 
CrasaatcUitcs  undulatus  Say. 
Cumingia  medialis  Courad. 
Diplodonta  acclinis  Conrad. 
Diplodonta  leana  Dall. 
Enais  directus  Courad. 
Gafrarium  metaatriatutn  Courad. 
Gemma  magna  Dall. 
Gemm^  trigona  Dall. 
Glycymeria  americana  de  France. 
Glycymeria  aubovata  Say. 
Jj€da  acuta  Courad. 
Macrocalliaia  albaria  Say. 
Modiolua  ducat clii  Courad. 


Montacuta  petropolitana  Dall. 
Aiulinia  congeata  Courad. 
Mulinia  lateralia  Say. 
Xucula  proxima  Say. 
Oatrea  compreaairoatra  Say. 
Pandora  craaaidena  Courad. 
Pectcn  eboreua  Courad. 
Phacoidea  anodonia  Say. 
Phacoidea  crenulatua  Courad. 
Plicatula  marginata  Say. 
Hportella  conatricta  Conrad. 
iSportella  protexta  Courad. 
Tcllina  declivia  Conrad. 
Tcllina  dupliniana  Dall. 
Vcncricardia  granulata  Say. 
Ycnericardia  perplana  Conrad. 
Vcfiericardia  trident  at  a  Say. 
Vcnua  rileyi  Courad. 
Yoldia  laevia  Say. 


Along  the  Chowan  River  there  are  many  exposures  of  the  Yorktown 
formation.  At  Colerain  Landing  the  river  bluff,  which  is  here  from  45 
to  50  feet  in  height,  consists  of  light  yellow  argillaceous  sands  and 
sandy  clays,  with  some  laminated  layers  of  drab  clay.  Tke  material 
becomes  more  sandy  in  lower  portion,  grading  into  a  yellow  sand  at 
base.  The  lower  half  is  more  or  less  fossiliferous.  At  about  25  feet 
above  the  base  there  is  a  lens  of  shells,  about  2iA  feet  thick  in  the 
middle  and  tai)ering  at  the  ends.  The  lens  is  75  feet  to  100  feet  long. 
At  the  base,  at  water's  edge,  there  is  a  layer  of  shells  2  feet  thick,  the 
most  conspicuous  form  being  Gli/ci/meris. 

Between  Colerain  and  Mount  Gould  landings  there  are  a  number 
of  50-foot  bluffs  in  which  the  Miocene  exposed  consists  of  light  yellow 
sands  and  clays  that  show  stratification.  About  %  mile  above  Mount 
Gould  Landing,  the  base  of  the  bluff,  up  to  about  10  feet,  is  made  up  of 
dark  green  sandy  clay  filled  with  fossil  shells  which  are  for  the  most 
part  very  fragile  and  poorly  preserved.  This  bed  appears  to  be  a  lens 
in  lighter  colored  sands  and  clays. 

Between  Jernigen's  Wharf  and  Edenhouse  Point  the  bluffs  do  not 
exceed  25  to  30  feet.  One  mile  above  Edenhouse  Point  a  fossiliferous 
bed  occurs  in  the  lower  8  feet  of  the  bluff.  In  this  exposure  branching 
corals  are  particularly  abundant.  The  marl  pits  do  not  have  very 
great  lateral  extent  and  seem  to  be  small  lenses  in  the  quartz  sands. 
The  stratification  seems  to  indicate  that  the  beds  are  practically  hori- 
zontal.    The  same  layer  is  exposed  at  intervals  all  the  way  from  Tar 
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Ferry  on  Wiccacon  Creek  to  Mount  Pleasant  Landing  on  the  Chowan 
Eiver.  Also,  some  other  beds  in  the  same  vicinity  can  be  traced  at 
almost  exactly  the  same  level  for  a  distance  of  2  or  3  miles. 

FOSSILS  FROM  CHOWAX  RIVER  LOCALITIES. 


Gastropoda  : 

Crepidula  aculeata  Gmelin  var.  cos- 
tata  Morton. 

Crepidula  foniicata  Soy. 

Crepidula  plana  Say. 

Crucihulum  constrictum  Conrad. 

Dentalium  attenuatum  Say. 

Marffinella  limatula  Conrad. 

Polynices  duplicatua  Say. 

Scalaapira  strumosa  Conrad. 

Aurenia  mutabilis  Conrad. 

Turritella  variahilis  Conrad. 

Vermeius  graniferus  Say. 
Pelecypoda  : 

Ahra  aequalis  Say. 

Aligena  acquata  Conrad. 

Area  Umula  Conrad. 

Astarte  C07icentrica  Conrad. 

Astarte  undulata  Say. 

Callocardia  sayana  Conrad. 

Cardita  arata  Conrad. 

Cavdium  sublineatum  Conrad. 

Chione  cribraria  Conrad. 


Corbula  inacqualis  Say. 
Crassatcllitcs  undulatus  Say. 
Cumingia  medialis  Conrad. 
Diplodonta  acclinis  Conrad. 
Ensis  directum  Conrad. 
Qemma  magna  DalL 
Olycymeris  americana  de  France. 
Glycymeri8  subovata  Say. 
Lcda  acuta  Conrad. 
Modiolus  ducat elii  Conrad. 
Mulinia  congesta  Conrad. 
yucula  proxima  Say. 
Ostrea  sculpturata  Conrad. 
Panopea  reflexa  Say. 
Pecten  eboreua  Conrad. 
Phacoides  anodonta  Say. 
Phacoidcs  crenulatus  Conrad. 
Phacoides  contractus  Say. 
Pholas  product  a  Conrad. 
PHcatula  marginata  Say. 
Venericardia  granulata  Say. 
Venus  rileyi  Conrad. 


Marl  Pit  1  Mile  Northeast  of  Chocowinity. — ^Marl  has  been  dug  just 
at  the  foot  of  the  bluff,  which  borders  the  river  flood  plain.  Were  it 
not  for  the  slump  of  the  bank  the  shell  stratum  would  outcrop.  The 
marl  consists  of  many  perfect  shells  in  a  matrix  of  fragmental  shells 
and  sandy  clay.  It  is  not  possible  to  determine  the  thickness  of  the 
marl. 

Rock  Landing,  Neuse  River,  16  1-2  Miles  Above  New  Bern. — On  the 
river  bank  at  this  place  there  is  a  good  exposure  of  Eocene,  which  sec- 
tion has  been  given  in  a  previous  page.  The  unconformity  between  the 
Eocene  and  the  overlying  Miocene  is  well  exposed  at  this  place,  as  the 
Eocene  at  the  river  bank  rises  about  10  feet  above  the  water,  while  a 
few  hundred  rods  above  the  Miocene  extends  down  to  about  the  level  of 
the  river.  In  this  latter  locality  no  Eocene  is  exposed,  but  instead  there 
is  a  thickness  of  about  8  feet  of  Miocene  materials  which  consist  pri- 
marily of  fragmentary  shells  in  which  are  numerous  specimens  in  a 
good  state  of  preservation.  Some  siliceous  sand  grains  are  present, 
but  the  sand  does  not  form  any  considerable  part  of  the  deposit.     The 
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marl  is  quite  firmly  cemented  in  some  places,  particularly  near  the 
exposed  surface,  but  in  other  places  it  is  very  loose  and  crumbles  readily 
when  struck  with  a  hammer.  The  variety  of  species  collected  at  this 
point  is  large,  as  is  shown  by  the  following  list. 

FOSSILS  FROM  ROCK  LANDING,  NEUSE  RIVER. 


Gastbopoda  : 

Cadulus  thallus  Conrad. 

Caecum  carolinianum  Da  1 1. 

Caecum  cooper i  S.  Smith. 

Caecum  floridanum  Stlmpson. 

Conu8  m^rylandicua  Green. 

Crepidula  fornicata  Say. 

Crepidula  plana  Say. 

Cyprea  carolinensis  Conrad. 

Dentalium  attenuatum  Say. 

Marginella  aureocincia  Stearns. 

Marginella  limaiula  Conrad. 

Oliva  litterata  Lamarck. 

Pol  unices  dupUcatns  Say. . 

Polynices  heroa  Say. 

Tornatina  canaliculata  Say. 

Turritella  variahilis  Conrad. 

Vermetus  8culpturatu8  H.  C.  Lea. 

Vermetus  virginica  Conrad. 
Pelecypoda  : 

Anomia  simplex  d'Orbigny. 

Area  improcera  Conrad. 

Area  limula  Conrad. 

Astarte  concentrica  Conrad. 

Astarte  undulata  Say. 

Cardita  arata  Conrad. 

Cardium  sp. 


Chama  congregata  Conrad. 
Chione  latilirata  Conrad. 
Corbula  inaequalis  Say. 
Crasaatellites  luntdatus  Conrad. 
Crassatellites  undulatus  Say. 
Diplodonta  acclinis  Conrad. 
Gafrarium  m^tastriatum  Conrad. 
Oemma  magna  Dall. 
Gemma  trigona  Dall. 
Glycymeria  americana  de  France. 
Glycymeris  pectinata  Gmelin. 
Glycymeria  aubovata  Say. 
Leda  acuta  Conrad. 
Mulinia  congeata  Conrad. 
yucula  proxima  Say. 
Oatrea  compreaairoatra  Say. 
Oatrea  aculpturata  Conrad. 
Pecten  eboreua  Conrad. 
Pecten  mortoni  Ravenel. 
Phacoidea  anodonta  Say. 
Phacoidea  Say. 
Phacoidea  triaulcatua  Conrad. 
Plicatula  marginata  Say. 
Venericardia  granulata  Say. 
Venericardia  perplana  Conrad. 
Venericardia  tridentata  Say. 


Two  Miles  Southwest  of  Maple  Cypress,  Craven  County, — Miocene 
shell  marl  is  poorly  exposed.  Some  of  it  was  seen  about  old  marl  pits. 
Shells  are  almost  entirely  fragmentary,  but  a  few  perfect  specimens 
obtained.    Resembles  the  Rock  Landing  Miocene. 

Similar  marl  has  been  dug  in  many  places  along  Core  Creek. 

DUPLIN    FORMATION. 

Narhe, — A  specific  account  of  the  geology  of  the  vicinity  of  Natural 
Well,  Duplin  County,  appears  in  Dall  and  Harris'  Neocene  Correlation 
Paper,^  but  the  formation  is  not  named  there.  In  the  Proceedings  of 
the  United  States  National  Museum,  vol.  18,  1895,  page  4Q,  occur  the 
two  following  references:  referring  to  Terehra  neglecta  Emmons,  Dall 


»U.  S.  Geological  Survey  Bulletin  84,  pages  72-73,  1892. 
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says:  "It  was  described  by  Emmons  from  the  Miocene  of  N'orth  Car- 
olina, but  was  not  found  by  Burns  in  the  Duplin  beds ;"  referring  to 
Terehra  dislocata  var.  indenta  Conrad.  "Habitat. — Duplin  beds  at  the 
Xatural  Well,  Duplin  County,  North  Carolina."  This  is  the  first  use  of 
the  name  Duplin  beds,  but  they  were  not  there  specifically  defined. 
However,  in  the  Eighteenth  Annual  Report  of  the  U.  S.  Geological  Sur- 
vey, Part  II,  1898,  in  DalFs  article,  "A  Table  of  the  North  American 
Tertiary  Horizons,  Correlated  With  One  Another  and  With  Those  of 
Europe,  With  ^Vnnotations,"  pages  327-348,  the  formation  is  definitely 
named.  On  page  338  Dall  states,  ''Duplin  beds. — Late  Miocene  marls  of 
Duplin  County,  North  Carolina,"  and  gives  a  reference  to  Conrad, 
American  Journal  of  Science,  1st  ser.,  vol.  12,  pp.  335-343.  In  the 
Correlation  Table  "Duplin  beds"  occurs  in  the  column  headed  Atlantic 
States.  Dall,  in  his  Tertiary  Fauna  of  Florida,  Wagner  Free  Institute 
of  Science,  vol.  3,  part  VI,  1903,  pp.  1598-1603,  gives  a  further  account 
of  the  Duplin  beds  and  a  detailed  list  of  the  fauna  obtained  from  the 
exposure  in  the  Natural  Well  southwest  of  Magnolia.  This  formation 
has  frequently  been  considered  in  the  literature,  and  probably  no  Ter- 
tiary horizon  is  paleontologically  more  thoroughly  known. 

•Definition, — The  formation  consists  of  unconsolidated  sands,  arena- 
ceous clays,  and  shell  marls  representing  the  latest  phase  of  Miocene 
deposition  in  the  region  south  of  the  Neuse  Kiver.  North  of  the  Neuse 
River  the  Yorktown  formation  occupies  the  same  stratigraphic  posi- 
tion that  the  Duplin  strata  do  in  the  southern  part  of  the  State,  and 
the  two  formations  may  be  in  part  contemporaneous.  The  differences 
in  the  faunas,  however,  render  it  inadvisable  to  include  them  in  a 
single  formation. 

In  the  regions  where  the  Duplin  strata  occur  no  other  deposits  of 
Miocene  age  have  thus  far  been  recognized,  and  wherever  the  basal 
beds  are  exposed  the  formation  is  seen  to  rest  unconformably  upon 
Cretaceous  or  Eocene  strata. 

In  the  vicinity  of  Mount  Olive  the  Duplin  formation  rests  upon  the 
Trent,  with  which  it  is  markedly  unconformable.  In  the  vicinity  of 
Wilmington  the  Duplin  beds  are  found  immediately  overlying  the 
Castle  Hayne  deposits.  At  present  the  Miocene  strata  are  not  known 
to  outcrop  in  Wilmington,  but  a  few  years  ago,  in  excavating  for  the 
foundations  of  the  Y.  M.  C.  A.  building,  a  deposit  of  Miocene  marl 
was  found  overlying  the  Eocene  limestone  of  the  Cnstle  Hayno  for- 
mation. At  the  City  Rock  Quarries  on  Smith  Creek  Miocene  marl  of 
The  Duplin  formation  is  found  in  several  places  occupying  depressions 
in  the  pitted  surface  of  the  Castle  Hayne  limestone.     These  pockets 
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of  marl  are  seldom  more  than  a  foot  in  thickness  and  usually  do  not 
have  a  lateral  extent  of  more  than  10  or  12  feet.  Beneath  the  Pleisto- 
cene covering  of  the  divides,  no  doubt,  there  are  places  where  the  Duplin 
covers  the  Castle  Hayne  over  a  larger  area.  South  of  the  Cape  Fear 
River  the  Duplin  formation  seems  to  rest  directly  upon  Cretaceous  beds. 
All  the  evidence  that  has  thus  far  been  obtained  seems  to  indicate  the 
almost  complete  absence  of  any  Eocene  strata  in  Columbus,  Bladen,  and 
Robeson  counties,  and  there  the  Miocene  is  found  in  close  contact  with 
the  underlying  Cretaceous  beds. 

In  most  particulars  the  Duplin  strata  are  similar  in  litholc^ic 
characteristics  to  those  of  the  Yorktown  formation.  Fragmental  shell 
beds  are  well  developed  in  many  places  and  consist  almost  entirely 
of  broken  molluscan  shells  in  a  matrix  of  fine  sand  in  which'are  some 
small  water-worn  pebbles  and  occasional  perfect  shells  that  show  no 
effect  of  wave  action.  The  deposits  were  evidently  formed  in  shallow 
water  near  the  shore  or  perhaps  on  the  beaches  where  the  rising  and 
falling  tides  reduced  the  shells  to  fragments.  At  times,  however,  perfect 
shells  wer^  washed  into  the  same  places,  and  if  soon  buried  by  the 
loose  debris,  were  preserved  intact.  Thus  these  fragmental  shell  layers 
have  long  been  known  as  excellent  collecting  localities  and  have  yielded 
great  numbers  of  beautiful  fossils  in  an  almost  perfect  state  of  pres- 
ervation. 

Fine  quartz  sand  constitutes  the  major  portion  of  the  Duplin  strata, 
as  in  the  case  of  the  other  Miocene  formations.  There  is  a  consider- 
able admixture  of  argillaceous  material  in  most  places.  The  argil- 
laceous sand  is  bluish-green  in  color  when  freshly  exposed,  but  soon 
changes  to  a  buff  to  white  color,  due  to  the  leaching  of  the  coloring 
material,  which  consists  primarily  of  iron  carbonate. 

In  the  I^atural  Well  near  Magnolia  there  is  a  deposit  of  light  green 
argillaceous  sand  cemented  in  certain  places  to  form  a  sandstone.  This 
lies  immediatelv  beneath  the  shell  marl  and  has  been  thouerht  bv 
some  investigators  to  belong  to  the  Eocene.  Sufficient  evidence  for 
such  a  correlation  is  lacking,  and  it  is,  therefore,  referred  to  the  Duplin. 

In  the  vicinity  of  Lake  Waccamaw  an  unusual  phase  of  the  Duplin 
formation  is  developed.  Outcropping  along  the  bluff  on  the  north 
shore  of  the  lake  there  is  a  compact  fossiliferous  limestone  that  con- 
tains many  casts  of  Molluscan  shells,  Crepidula  being  especially  abun- 
dant. This  limestone  is  overlain  by  a  loose  characteristic  shell  marl 
and  is  underlain  bv  vellowish-brown  sand  that  at  the  base  contains 
some  phosphatic  pebbles  and  water-worn  casts  of  Cretaceous  fossils. 
This  phase  of  the  Duplin  formation  is  not  known  to  occur  elsewhere 
in  the  State,  though  it  is  well  developed  along  the  Peedee  River  in 
South  Carolina,  particularly  in  the  vicinity  of  Bostick. 
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In  Duplin  County  the  Duplin  formation,  in  places,  is  probably  nearly 
100  feet  tbick.  So  far  as  known,  tbe  greatest  thickness  of  the  Duplin 
formation  seems  to  be  in  Columbus  County,  where  in  a  well  boring  near 
Freeman  the  Pliocene  (?)  and  Miocene  beds  combined  seem  to  have  a 
total  thickness  of  about  130  feet.  A  small  part  of  this  may  probably 
represent  the  Pliocene  that  is  present  in  this  immediate  vicinity,  leav- 
ing perhaps  little  more  than  100  feet  as  the  total  thickness  of  the 
Yorktown. 

Specimens  from  the  Natural  Well  have  been  studied  by  many  inves- 
tigators and  are  to  be  found  in  collections  in  many  of  the  museums 
of  the  country.  Conrad  described  many  species  from  this  locality  and 
Dr.  Dall,  within  recent  years,  has  added  many  more  new  forms  to  Con- 
rad's lists.  Dr.  Dall,  through  the  study  of  these  specimens  from  Duplin 
County,  reached  the  conclusion  that  the  Miocene  strata  of  that  region 
represent  one  of  the  last  phases  of  deposition  of  the  Miocene. 

The  list  of  species  obtained  at  N"atural  Well,  given  on  a  later  page, 
shows  the  extreme  richness  of  the  Duplin  fauna.  The  Mollusca  are 
especially  well  represented,  though  forms  belonging  to  many  other 
groups  occur. 

In  Craven  and  Jones  counties,  between  the  N^euse  and  Trent  rivers 
and  on  the  south  side  of  the  Trent  River,  Duplin  strata  are  found 
in  many  localities  and  contain  marl  that  has  been  dug  for  fertilizing 
purposes.  Xo  doubt  there  are  many  other  localities  in  the  same  vicinity 
where  the  formation  is  present,  but  entirely  concealed  from  view  by  the 
overlying  Pleistocene.  The  largest  known  area  of  the  formation  south 
of  the  Xeuse  River  is  that  occupying  a  considerable  part  of  Duplin 
County  west  of  the  Xortheast  Cape  Fear  River  and  extending  westward 
into  Sampson  County,  where  it  is  found  in  several  places  in  the  vicinity 
of  Clinton.  In  the  vicinity  of  the  Xortheast  Cape  Fear  River  and  its 
tributaries  in  Pender  and  Xew  Hanover  counties  it  has  been  observed  in 
several  places,  though  it  does  not  at  any  place  have  any  considerable 
thickness  nor  does  it  cover  large  areas.  In  Columbus  County  it  out- 
crops near  Whiteville  and  along  the  north  shore  of  Lake  Waccaraaw 
and  probably  underlies  a  large  part  of  the  region  to  the  south,  though 
this  is  not  known  to  be  the  case,  as  it  does  not  outcrop  in  that  region, 
largely  due  to  the  swampy  character  of  the  country,  nor  is  it  known 
to  have  been  reached  by  well  borings. 

In  Robeson  County  along  the  Lumber  River  and  its  tributaries  in 
the  vicinity  of  Lumberton  and  Fairmont,  the  formation  is  known  to 
exist  and  many  old  marl  pits  show  the  extensive  use  of  the  marls  dur- 
ing slavery  days.  In  some  places  it  is  still  dug,  though  not  as  ex- 
tensively as  in  former  days.     The  Robeson  County  localities  may  be 
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continuous  with  the  strata  in  Columbus  County  and  also  with  similar 
beds  that  occur  in  Marion,  Florence,  and  Darlington  counties  in  South 
Carolina,  though  this  is  rather  doubtful. 

South  of  the  Neuse  River,  except  in  the  vicinity  of  Wilmington, 
where  thin  films  of  the  shell  marl  are  present,  erosion  seems  to  have 
removed  all  of  the  easternmost  portion  of  the  formation,  and  likewise 
it  has  been  removed  along  the  principal  river  valleys  that  cross  this 
region  and  is  present  only  where  it  has  escaped  erosion  because  of  its 
position  in  interstream  areas. 

The  limited  number  of  exposures  of  the  Duplin  formation  and  its 
occurrence  in  isolated  areas  occupying  depressions  in  the  eroded  sur- 
face of  underlying  strata  of  Eocene  or  Cretaceous  age  scarcely  permit 
the  determination  of  the  strike  and  dip.  The  local  exposures  seem  to 
indicate  a  practically  horizontal  position  of  the  beds,  though  it  is 
probable  that  there  is  a  gentle  dip  toward  the  east  or  southeast  similar 
to  the  other  formations  of  the  Atlantic  Coastal  Plain. 

Detailed  Sections. 

In  the  vicinity  of  Maysville  many  old  marl  pits  occur,  and  these 
continue  all  the  way  to  Polloksville.  In  these  pita  the  Duplin  Mio- 
cene shell  marl  has  usually  been  quarried,  but  in  some  places  the 
material  is  of  Eocene  age.  Between  Polloksville  and  !N'ew  Bern  both 
the  Miocene  marl,  which  here  occurs  in  patches,  and  also  the  Eocene 
white  limestone,  which  is  more  continuous,  have  been  quarried  for  fer- 
tilizing purposes. 

TWO  AND  ONE-HALF  MILES  SOL'TH  OF  CLINTON,  ON  DUNCAN  BRANCH. 

Pleistocene:  Feet. 

Black  silt  loam,  chocolate  brown  when  wet 1 

Coarse  sandy  loam  with  pebbles  ^  Inch  in  diameter  and  iron- 
stone nodules  2-3 

Miocene  (Duplin)  : 

Bluish  drab,  sticky  clay 2 

Shell  bed,  shells  constituting  almost  entire  bed  In  lower  part 6 

THREE  MILES  SOUTH  OF  CLINTON,  ON  GUM  CHIMNEY  BRANCH. 
Pleistocene: 

Bluish  sandy  clay 1 

Miocene  (Duplin)  : 

Shell  marl  which  Is  quite  sandy,  light  brown  in  color 4-5 

Below  the  marl  is  dark  colored  clay. 

Four  Miles  South  of  Clinton,  N.  C,  Along  a  Branch  Which  Crosses 
Wilmington  Eoarl. — Here  there  is  a  series  of  pits  in  which  a  dark, 
chocolate-brown,  loose,  sandy  loam  with  a  thickness  of  3  feet  overlies 
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the  Miocene  marl,  whicli  has  a  rather  coarse^  loose,  sandy  matrix,  and 
is  iron  stained.  Shells  are  numerous.  Phosphatized  black  pebbles  as 
much  as  1  inch  in  diameter  occur  in  the  marl. 

SECTION  AT  NATURAL  WELL. 

Two  miles  southwest  of  Magnolia,  Duplin  County,  is  th^  famous 
Natural  Well,  which  is  so  frequently  referred  to  in  geological  literature 
of  the  State.  This  consists  of  a  sink  perhaps  75  to  100  feet  in  diame- 
ter and  nearly  circular  and  about  30  feet  in  depth.  The  wall  on  one 
side  is  quite  steep,  being  nearly  vertical,  but  on  the  other  side  is  sloping 
enough  to  permit  one  to  walk  down  to  the  water's  edge.  At  the  bottom 
of  the  sink  there  is  a  pond  about  30  feet  in  diameter.  (See  Plate  XII, 
B,  opposite  p.  250.) 

The  section  is  as  follows: 

Pleistocene:  Febt. 

White  loose  sand,  surface  soil 1 

Ck)arse  yellow  sand 3 

White,  argillaceous  sand,  mottled  with  yellow,  becoming  freer  from 

clay  toward  base 6 

Miocene  (Daplin)  : 

White  marl,  contains  some  sand,  but  consists  principally  of  very 
perfectly  preserved  shells,  in  a  matrix  of  fragmental  shells 3 

Light  green  calcareous,  argillaceous  sand,  interstratified  with  thin 
layers  of  calcareous  sandstone,  the  whole  being  solid  and  com- 
pact, making  a  vertical  wall  on  one  side  of  tlie  sinlc ^. . .  9 

Base  of  marl  contains  some  water-worn  pebbles,  and  one  cobble  as 
much  as  4  inches  in  diameter  was  observed.  Small  pebbles  occur  spar- 
ingly throughout  the  fragmental  marl. 

Just  to  the  east  of  the  preceding,  with  their  rims  almost  touching, 
is  another  similar  sink.  The  walls  are  less  steep,  however,  and  the  pond 
at  the  bottom  is  only  a  few  feet  jn  diameter.  The  strata  in  it  are  not 
well  exposed. 

Many  lists  of  fossils  obtained  at  the  N'atural  Well  have  been  pub- 
lished at  various  times.  The  most  complete  one  is  that  given  by  W.  H. 
Dall  in  vol.  Ill  of  the  Transactions  of  the  Wagner  Free  Institute  of 
Science.    It  is  here  given. 

FOSSILS  FROM  NATURAL  WELL. 

Gastropoda:  Auachis  (?)  inierrupta  Conrad. 

Adeorhis  concavus  H.  C.  Lea.  Astyris  sp. 

AdeorMs  liolmesii  DalL  Aurinia  duhia  Broderin. 

Adcorbis  leai  DalL  Ant'inia  mntahiUs  Conrad. 

Adeorhis  orhUjnyiYX^chev,  Aurinia  ohUisa  Emmons. 

Adcorbis  supranitidus  S.  Wood.  Caecum  floridannm  Stlmpson. 
16 
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CallioHtoma  cyclus  Da II. 
CallioHtf/ma  mitchelli  Conrad. 
CallioHtoma  tcillcoxianum  Dall. 
Calyptraea  centralis  Conrad. 
Calyptraea  trochiformis  Lamarck. 
Caru'f'llaria  conradiana  Dall. 
Celatofionus  nux  Dall. 
f'criihiopHiJt  Huhulata  Mnntagne, 
ChloroHtoma  exoletum  Conrad. 
('fjchliopiH  nautiliformis  Holmes. 
Cochliopia  ntriata  Stimjison. 
ConuH  adrersarius  Conrad. 
<'onuH  marylandicus  Green. 
Crepidula  fornicata  Say. 
Crvribulum  aurk-ula  var.  spinofium 

Sowerl}'. 
Cru^Hbulum  coHiatum  Say. 
CrurHhulum  amHtrictum  Conrad. 
Cfucihulum  multilineatum  Conrad. 
C upr aea  caroHnennU  Dall.  ' 
Epixrynia  multicarinata  Stimpson. 
FaHciolaria  acuta  Emmons. 
FanHolaria  cicf/ans  Emmons. 
FanHolaria  yiyaniea  Klenor. 
J'aHfiolaria   (dintans  sub  sr^?) 

rhf/mboidca  Kr»jcors. 
FaHciolaria  Mparroui  Emmc>ns. 
FtHHuridca  rhipolana  Dall. 
FiHfiuridca  nnrnia  Dall. 
FffHHarim  Jyra  Conrad. 
Fulf/ur  corona  turn  Conrad. 
Fiilf/ur  maximum  Coin-nd. 
Fuhjur  prrvrrHum  lAiiwO. 
Fuhfur  pprum  var.  incUc  Conrad. 
Fuhjur  pyrum  var.  cxravaium 

Oiurad. 
FuJf/ur  pyrum  var.  ruyosum  Conrad. 
FuffUff  acquaUs  Emmons. 
(iibbula  amerirana  Dall. 
Uyananm  arata  Say. 
IlyanaHHa  granifera  Ccmrad. 
Ilyafiasm  granifera  var.  sexdcntata 

C'onrad. 
llyattassa   (Paranassa)   porcina  Say. 
Littorina  carolinensis  Conrad. 
Lotif/rharus  arcnoftus  Conrad. 
LongchaeuH  sp. 
Maoromphaiina  dupUnensis  Dall. 


Merginella  ovaia  Emmons. 

Mitra  carolinensus  Dall. 

MoUeria  dupUncnsis  Dall. 

Xassa  bidentata  Emmons. 

XaHsa  johnsoni  Dall. 

Odostomia  sp. 

Odostomia  {ChrysaUida)  sp. 

Odostomia  (Egita »  sp. 

Odostomia  (Evalea)  sp. 

Odostomia  (Heida)  sp. 

OUva  litter ata  Lamarck. 

Olivella  mutica  Say. 

Polynices  {ycverita)  duplicatus  Say. 

Polynices  (Lunatia)  internus  Say. 

Polynices  percallusa  Conrad. 

Polynices  perspcctus  Rogers. 

Pseudorolella  milium  Dall. 

Ptychosalpinx  multirugaia  Conrad. 

ficaphella  trcnholmi  Tuomey  and 

Holmes. 
Ret  una   (Cyclichnina)   dupUnensis 

Dall. 
Ifctusa   (Cyclichnina)  microtrema 

Dall. 
Sconnia  hodgei  Dall. 
Sf'ila  adamsi  H.  C.  Lea. 
Srrjnilorbis  granifera  Say. 
Scrpulorbis  granifera  var.  icnera 

Dall. 
^olariorbis  dupUncnfiC  Dall. 
Solariorbis  nndula  Dall. 
Solarium  granulatum  Lamarck. 
Tvrcbra  (Oxymcris)  carolinensis 

Conrad. 
Tervba  (Acus)  dislocata  Say. 
Tercbra  iOxymeris)  indetita  Conrnd. 
Tvrcbra  (Acus)  protexta  Conrad. 
Tercbra  unilineata  Conrad, 
Tonxatina  canaliculata  Say. 
Tornatina  myrmecoon  Dall. 
Triforis  mclanura  C.  B.  Adams. 
Turbonilla  (Chemnitzia)  four  sp. 
Turbonilla  (Dunkeria)  sp. 
Turbonilla  (Lancea)  two  sp. 
Turbonilla  (Pyrgiscvs)  two  sp. 
Turbonilla  (Strioturbonilla)  three  sp. 
Turbonilla  (Turbonilla)  sp. 
Irosalpinx  trossulus  Conrad. 
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SCAPHOPODA  : 

Cadulus  thallus  Conrad. 
Dentatlum  attenuatum  Say. 
Dentalium  danai  Meyer  yar. 
Dentalium  disparile  d'Orbiguy. 
Pelecypoda  : 
Aligena  aequata  Conrad. 
Aligena  minor  Dall. 
Anisodonta  Carolina  Dall. 
AnomaJocardia  dupliniana  Dall. 
Anomia  simplex  d'Orbiguy. 
Area  (Fossularca)  adamsi  Smith. 
Area  (Scapharca)  huccula  Conrad. 
Area  (Scapharea)  carolinensis 

Wagner. 
Area  (Barhatia)  centenaria  Say. 
Area  {Scapharea)  improcera  Conrad. 
Area  (Noeiia)  ineile  Say. 
Area  {Scapharea)  lienosa  Say. 
Area  {Amusium)  mortoni  Ravenel. 
Area  {Scapharea)  plieatura  Conrad. 
Area  {Scapharea)  scalar  is  Conrad. 
Asaphis  centenaria  Conrad. 
Astarte  eoncentrica  Conrad. 
Astarte  lyrata  Conrad. 
Astarte  undulata  Saj'. 
Atrina  harrisii  Dall. 
Bornia  rota  Dall. 
Bornia  triangula  Dall. 
Calloeardia  sayana  Conrad. 
Cardita  {Carditamera)  a  rata  Conrad. 
Cardium  acutilaqueatum  Conrad. 
Cardium  laqueatum  Conrad. 
Cardium  medium  Linn6. 
Cardium  {Papyridea)  scmiluleata 
Gray. 

Cardium  {Lae vicar dium)  suhlinea- 

turn  Conrad. 
Chama  congregata  Conrad. 
Chama  striata  Emmons. 
Chione  erihraria  Conrad. 
Chione  {Timoclea)  grus  Holmes. 
Chione  {Lirophora)  latilirata  Conrad. 
CodaJcia  {Jagonia)  magnoliana  Dall. 
Codakia  {Jagonia)  speciosa  Rogers. 
Cooperella  carpenteri  Dall. 
CorhtUa  euneata  Say. 
Corbula  iyiaequalis  Say. 
Corhula  heterogenea  Guppy. 

Crassatellites  {Crassinella)  dupUnia- 
nus  Dall. 


Crassatellites  {Crassinella)  lunulata 
Conrad.   ' 

Crassatellites  Qihbesii  Tuomey  and 
Holmes. 

Crassatellites  psychopterus  Dall. 
Crassatellites  undulatus  Say. 
Crenella  duplinensis  Dall. 
Cumingia  medialis  Conrad. 
Cyrena  {Pseudocyrena)  dupliniana 
Dall. 

Diplodonta  acclinis  Conrad 

Diplodonta  nueleiformis  Wagner. 

Dliaricella  quadrisulcata  d'Orblgny. 

Donax  emmonsi  Dall. 

Donax  fossor  Say. 

Dosinia  elegans  Conrad. 

Ensis  directus  Conrad. 

Ensis  ensiformis  Conrad. 

Ervilia  lata  Dall. 

Erycina  carolinensis  Dall. 

Gafrarium  {Gouldia)  metastriatum 

Conrad. 
Gastroehaena  ligula  H.  C.  Lea. 
Gemma  magna  Dall. 
Gemma  trigona  Dall. 
Glycymeris  americana  de  France. 
Glyeymeris  duplinensis  Dall. 
Glycymeris  pectinata  Gmelin. 
Glyeymeris  pennacea  Lamarck. 
Glycymeris  suhovata  Say. 
Glycymeris  suhovata  Say  var.  plagia 

Dall. 

Hindsiella  acuta  Dall. 

Hindsiella  carolinensis  Dall. 

Leda  acuta  Conrad. 

Leda  hypsoma  Dall. 

Lima  carolinensis  Dall. 

Maeoma  Conradi  Dall. 

Maeoma  {Psammocoma)   holmesii 
Dall. 

Macroeallista  reposta  Conrad. 

Margaritaria  ahrupta  Conrad. 

Metis  magnoliana  Dall. 

Modiolaria  carolinensis  Dall. 

Modiolus  ducatelii  Conrad. 

Mulinia  congesta  Conrad. 

Mulinea  lateralis  Say. 

Mulinea  milesii  Holmes. 

Mytilus  conradinus  d'Orbigny. 

Nucitla  taphria  Dall. 

Ostrea  compressirostra  Say. 
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Oatrea  sculpturata  Conrad. 
Pandora  (Kennerleyia)  arenosa 

Conrad. 
Pandora  (Clidophora)  craaaidens 

Conrad. 
Pandora  {Clidophora)  trilineata 

Say. 
Panopea  reflexa  Say. 
Paramya  auhovata  Say. 
Pecten  (Lyropecten)  jefferaoniua  var. 

aeptenariua  Say. 
Pecten  (Plagioctenium)  el>oreua 

Conrad. 
Petricola  carolinensia  Dall. 
Phacoides  anodonta  Say. 
Phacoidea  contractua  Say. 
Phacoidea  crenulatua  Conrad. 
Phacoidea  cribrariua  Say. 
Phacoidea  denaatua  Conrad. 
Phacoidea  multiatriatua  Conrad. 
Phacoidea  radiana  Conrad. 
Phacoidea  tuomeyi  Dall. 
Pitaria  filoaina  Dall. 
Placunanomia  plicata  Tuomey  and 

Holmes. 
Plicatula  marginata  Say. 
Rangia  cJathrodonta  Conrad. 
Rochefortia  atantoni  Dall. 
Rochefortia  atimpaoni  Dall. 
Saxicava  arctica  Llnn6. 
Semele  l>ella  Conrad. 
Semele  hella  var.  appreaaa  Dall. 


Semele  hella  var.  dupUnenaia  Dall 

Semele  carinata  Conrad. 

Semele  (Semelina)  nuculoidea  Con- 
rad. 

Sphenia  dubia  H.  C.  Lea. 

Spiaula  curtidena  Dall. 

Spiaula  dupUnenaia  Dall. 

Spiaula  magnoliana  Dall. 

Sportella  conatricta  Conrad. 

Sportella  protexta  Conrad. 

StrigUla  flexuoaa  Say. 

Tellina  arctata  Conrad. 

Tellina  (Angulua)  dupliniana  Dall. 

Telling  (Angulua)  m^cilenta  Dall. 

Tellina  (Angulua) umJ>r a  Dall. 

Tranaennella  carolinenaia  Conrad. 

Tugoniopaia  compacta  Dall. 

Venericardia  (Cyclocardia)  granu- 
lata  Say. 

Venericardia  (Pteromeria)  perplana 
Conrad. 

Vcfiericardia    (Pteromeria)   perplana 
var.  ahbreviata  Conrad. 

Venericardia  (Pleuromeria)  triden- 
tata  Say. 

Venua  campechienaia  Gmelln. 

Venua  plena  Conrad. 

Venua  tridacnoidea  Lamarck. 

Verticordia  emmwiai  Dall. 
Bbachiopoda  : 

Diaciniaca  luguhria  Conrad. 


About  %  mile  west  of  Magnolia  there  are  several  sinks.  One  is 
perhaps  100  feet  in  diameter.  It  contains  v^ater  to  within  a  few  feet 
of  the  surface  in  the  form  of  a  pond  without  an  outlet.  Its  depth 
is  uncertain,  but  not  now  very  deep. 

IN'ear  the  preceding  is  another  shallow  pond  which  has  an  outlet  to 
the  west. 

Another  about  %  mile  west  of  the  preceding  is  now  dry,  except  that 
a  spring  comes  out  of  its  side  and  the  water  sinks  from  sight  at  its 
bottom.     This  one  is  20  to  25  feet  in  depth. 

On  the  side  of  this  sink  a  light  greenish  calcareous  sand  was  observed 
which  contains  a  few  Echinoderms,  There  is  a  channel  off  to  one  side 
of  this  pit  which  looks  like  a  former  outlet.  There  are  probably  other 
sinks  in  the  woods  to  the  south  of  this. 

On  F.  M.  Wilson's  farm,  1  mile  east  of  Magnolia,  Duplin  County, 
N".  C,  Miocene  shell  marl  has  been  dug.  (See  Plate  XI,  B,  opposite 
p.  249.) 
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The  pit  has  been  excavated  to  a  depth  of  some  8  or  10  feet.  The 
marl  consists  principally  of  a  mass  of  small  gastropod  and  bivalve 
shells.    They  are  soft  when  first  exposed,  but  harden  in  the  sun. 

About  1%  miles  north  of  Magnolia,  N,  C,  along  a  drainage  ditch 
just  east  of  the  railroad  the  marl  is  exposed  in  sides  of  Sitch.  In  almost 
every  particular  it  resembles  the  marl  at  the  Natural  Well  and  is  evi- 
dently part  of  the  same  bed.  A  few  fossils  found  here  were  not  observed 
at  Natural  Well  and  vice  versa,  yet  the  general  assemblage  of  forms 
is  the  same.  The  shell  marl  seems  to  form  a  continuous  bed  that  under- 
lies the  whole  region  about  Magnolia  and  extends  westward  into  Samp- 
son County.  In  some  places  it  is  covered  by  only  about  3  or  4  feet  of 
sand;  in  other  places  it  is  only  struck  at  depths  of  18  or  20  feet. 

On  Mr.  M.  H.  Komegay's  place,  about  4  miles  northeast  of  Magnolia, 
marl  has  been  dug  along  a  small  branch.  The  specimens  collected 
seem  to  represent  practically  the  same  marl  bed  as  that  at  Natural 
Well. 

Also  on  Mr.  Frank  Wilson's  farm,  about  1  mile  east  of  Magnolia, 
marl  has  been  dug.  The  marl  could  not  be  seen  in  place,  as  the  hole 
was  filled  with  water,  but  from  the  appearance  of  a  heap  of  marl  that 
had  been  thrown  out,  it  seems  that  it  is  the  same  marl  bed  that  appears 
at  Natural  Well.  A  number  of  shells  of  the  same  species  as  occur  at 
Natural  Well  were  recognized. 

SECTION  OF  WELL  AT  BEAUFORT,  N.  C. 

Pleistocene:  Piubt. 

Loose  medium-grained   sand 1-  12 

Gray  calcareous  clay  with  a  few  shells 12-13 

Loose  gray  sand  with  an  admixture  of  dark  grains 13-17 

Gray  calcareous  clay  with  a  few  shell  fragments 17-25 

Pliocene  (?)  and  Miocene  (Duplin)  :    ' 

Loose  gray  sand  with  shells  largely  fragmentary:  Oliva  sp., 
Pecten  sp.,  Venericardia  tridentata,  Venus  sp.,  Tomatina  canal- 
iculatat  Turhonilla  reticulata,  Mulinia  lateralis,  Nucula 
proxima 25-  80 

Loose  gray  sand  with  magnetite  grains  and  fine  shell  frag- 
ments   80-118 

Coarse  sand,  the  grains  very  irregular ;  contains  some  shell  frag- 
ments   .' 118-120 

Greenish-gray,  slightly  argillaceous  sand,  with  some  shell  frag- 
ments.   Mactra  sp.,  Mulinia  lateralis 120-196 

Fragments  of  small  shells,  principally  small  barnacles,  Mulinia 
lateralis,  Pecten  eJ)oreus 196-213 

Loose  gray  sand  with  fine  shell  fragments:  Balanus  sp.,  Tel- 
Una  (?)  sp 213-238 

One  Mile  Southeast  of  Watha,  Pender  County, — ^Where  the  wagon 
road  crosses  Lewis  Creek  on  the  farm  of  D.  J.  McMillan,  marl  was 
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once  quarried  for  fertilizing  purposes.  Tte  material  seems  to  have 
been  mainlv  Miocene,  thongh  some  Eocene  phosphatic  conglomerate 
was  obtained  in  the  bottom  of  the  pit. 

SECTIOX  OF  WELL  AT  NORTHEAST  CORXER  OF  THIRD  AXD  XTNX  STREETS. 

WILMINGTON. 

Ttet. 

Xo  sample  (probably  Pleistocene) 1-35 

Miocene  (Dnplto) : 

1.  White,  fine-grained,  clean,  loose,  sligbtlj  micaceoos  sand 3r>lS 

2.  Light  gray,  medinm-grained.  calcareous  sand  irith  a  few  small 

PelecupodM  and  Gastropods  (one  yonng  IndiTidnal  of  Poltj- 

nices  obfierred,  and  <Mie  Bryozoan) ZO-ZS 

iKfx-ene  floes  not  appear  to  be  present.) 
Marine  Cretaceous: 

3.  Light  gray,  fine-grained,  calcareous,  slightly  micaceous  sand, 

containing  niunerons  very  small  fragments  of  shells 60-62 

Total  depth 115 

DUPLIN  FOSSILS  FROM  EXCAVATION  IN  WILMINGTON. 

AaTHBOPODA:  CrassatcUites  ffihheaii  Tuomey  and 

Balanus  concavus  Bronn.  Holmes. 

Gastbopoda  :  Crassateilites  undulatus  Say. 

Crepidula  aculeata  var.  costata  Corhula  inaequalis  Say. 

Morton.  Corbicula  densata  Conrad. 

Crepidula  fornicata  Linne.  Diplodonta  acclinis  Conrad. 

Crepidula  plana  Say.  Divaricella  quadrisulcata  d'Orbigny. 

Fasciolaria  rhomboidea  Rogers.  Echinochama  arcinella  Linn^. 

Littorina  irrorata  Say.  Ensis  ensiformis  Conrad. 

Marginella  hclla  Conrad.  Glycymeris  americana  de  France. 

Marginella  Umatula  Conrad.  Glycymeris  subovata  Say  var.  plaffia 

Oliva  mutiea  Say.  DalL 

Oliva  littcrata  Say.  Glycymeris  pectinata  Gmeliu. 

Polynices  dupHcatus  Say.  Macrocallista  reposta  Conrad. 

Polynices  lieroa  Say.  Mulinia  lateralis  Say. 

Terebra  dislocatus  Say.  yucula  proxima  Say. 

Vermetus  f/ranifcrus  Say.  Ostrea  compressirostra  Say. 

Pelecypoda  :  Ostrea  soulpturata  Conrad. 

Anomia  simplex  d'Orbigny.  Panopea  reftexa  Say. 

Area  adamsi  Smith.  Phacoides  anodonta  Say. 

Area  improcera  Conrad.  Phacoides  radians  Conrad. 

Area  lienosa  Say.  Pecten  eboreus  Conrad. 

Area  limula  Conrad.  ,  Plicatula  marginata  Say. 

Astarte  symmetrica  Conrad.  Ravgia  clathrodonta  Conrad. 

A  fit  arte  concctitrica  Conrad.  >ipi8ula  subparilis  Conrad. 

Callocardia  sayana  Conrad.  Yenericardia  granulata  Say. 

Cardita  arata  Conrad.  Venericardia  tridentata  Say. 

Cardium  rohustum  Solender.  Venus  merccnaria  Conrad. 

Chama  congregata  Conrad.  Venus  rileyi  Conrad. 

Chionc  cribraria  Conrad.  Anthozoa  : 

Chione  latilirata  Conrad.  Scptastrea  marylandica  Conrad. 
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SECTION  OF  WELL  AT  ST.  HELENA.  2|  MILES  SOUTH  OF  BURGAW. 

PENDER  COUNTY. 
Pleistocene:  Feet. 

Gray  clay 0-10 

Marl,  consisting  of  chunks  of  dark  gray,  calcareous,  sandy  clay, 

coarse  sand  and  gravel  with  pebbles  up  to  ^2  inch  in  diameter 

and  fragments  of  fossils,  Ostrea,  Echinoid  spines,  etc 10-20 

Miocene  (Duplin)  : 

Yellow  marl,  consisting  of  coarse  sand  ami  gravel  with  pebbles 
up  to  %  inch  in  diameter,  pieces  of  yellow  limestone  rock, 
phosphate  pebbles  up  to  y^  inch  in  diameter,  chunks  of  gray 
clay,  and  many  fragments  of  fossils,  Venericardia^  other  Pele- 
cypodSf  Gastropods^  Echinoid  spines,  etc 20-30 

Fine,  dark  greenish-gray  micaceous,  c»alcareous,  glauconitic  sand 
with  scattered  fragments  of  fossils 30-40 

Fine,  gray  glauconitic  sand  with  phosphate  pebbles  up  to  %  inch 
in  diameter,  and  many  shells  and  fragments  of  shells,  Area, 
Venericardia,  Spisula    (?),  Balanus,   Ostrea,  Bryozoa,   Olycym- 
eris,  etc 40-60 

Cretaceous   (Peedee)  : 

Dark  gray,  finely  micaceous,  glauconitic  sand  and  sandy  clay 60-70 

Total  depth   220 

At  Bolton  in  a  well  section  the  Miocene^  consisting  of  light  gray, 
coarse-grained  sand  with  shell  fragments,  is  10  feet  thick  and  was 
encountered  at  40  feet  from  the  surface.  It  is  overlain  by  Pleistocene 
and  underlain  by  Peedee.  Three-fourths  of  a  mile  southwest  of  Free- 
man, Tertiary  (Pliocene  (?)  and  Miocene)  strata  were  encountered 
at  depth  of  16  feet  and  apparently  extended  to  146  feet. 

In  a  well  ^  mile  east  of  Robeson,  Miocene  extends  from  30  feet  to 
40  feet — coarse  sand  and  gravel  with  shell  fragments.  It  contains  the 
following  fossils : 

Gastropoda:  CorhuJa  inaequalis  Say. 

Tornatina  canaUculata  Say.  Crassatcllites  sp. 

Pelecypoda:  GJyvymeris  subovata  Say. 

Area  sp.  "  Ostrea  sp. 

Asaphis  centenaria  Conrad.  Pecten  eborevs  Conrad. 

Astarte  conccntrica  Conrad.  Venericardla  sp. 

Cardium  subJineattim  Conrad. 

Along  the  northern  shore  of  Lake  Waccamaw  the  Miocene  is  exposed 
continuously  for  about  a  mile,  extending  from  the  pumping  station 
eastward.  About  %  mile  east  of  the  pumping  station  of  the  A.  C.  L. 
Bailroad  the  following  section  is  exposed : 

Pleistocene:  Feet. 

Pink  and  yellow  loamy  sand  or  clay 10-15 
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Miocene  (Duplin)  :  Feet. 

White  to  yellowish  shell  marl  consisting  of  entire  and  broken 
shells  in  a  matrix  of  sandy  clay 2-C 

Compact  fossil  if erous  limestone,  containing  many  casts  of  Mollus- 
can  fossils.  Casts  of  Crepidula  are  especially  abundant  in  the 
iipper  part,  while  in  the  lower  portion  of  the  limestone  Pecien 
mortoni  occurs.     Other  forms  are  also  present , 1-6 

Yellowish-brown  calcareous  sand,  containing  many  irregular  no- 
dules of  calcium  phosphate,  some  of  which  are  several  inches  In 
diameter.  Some  of  the  phosi)hatlc  pebbles  seem  to  be  worn 
casts  of  Cretaceous  Mollnsca,  This  layer  seems  to  form  a  basal 
conglomerate  in  the  Miocene i^-l 

Dark  gray  micaceous  sand  extending  to  water's  edge 2 

The  loose  shell  marl  and  the  underlying  fossiliferous  limestone  seem 
to  be  almost  identical,  in  general  character,  with  deposits  which  form 
the  upper  part  of  the  Miocene  in  South  Carolina  and  well  exposed  along 
the  Peedee  River  in  the  vicinity  of  Bostick.  There  is  no  doubt  but  that 
they  represent  the  same  horizon. 

At  Elizabethtown  on  the  Cape  Fear  River  the  Pleistocene  rests 
directly  upon  the  Cretaceous,  but  a  short  distance  to  the  south  of  town 
the  Miocene  marls  appear  between  the  two.  One  poor  exposure  occurs 
along  the  main  road,  1^^  miles  south  of  Elizabethtown  on  the  south 
slope  of  the  valley  of  Brown^s  Creek.  A  better  exposure  occurs  4 
miles  south  of  Elizabethtown  at  Hammonds  Creek.  Here  there  is  an 
outcrop  of  Miocene  marls  about  20  feet  in  thickness.  The  section  ex- 
posed is  as  follows : 

Miocene  (Duplin)  :  Feet. 
Shell  bed  composed  almost  entirely  of  shells  in  a  matrix  of  frag- 
mentary material.  Mulinia  congc^ta  being  esi)ecially  abundant. .  5 

Bluish  drab  clay  containing  many  pockets  of  fine  white  sand 1 

Sandy  clay  and  sands  poorly  exposed 6-10 

Shell  bed  in  which  a  narrow  species  of  Oairea  is  present  In  large 

numbers,  poorly  exposed 1-5 

In  the  same  vicinity  the  marl  bed  is  covered  with  Pleistocene. 

Four  Miles  South  of  Clarkton,  on  Brick  Yard  Branch, — Marl  has 
been  reported  to  occur  in  this  region  extending  as  far  as  Wliiteville  in 
a  number  of  different  places.  The  marl  has  been  dug  extensively^ 
though  not  within  the  past  few  years. 

Four  Miles  Xorth  of  Lumherton,  on  the  Lurnherton  and  Fayettevilh 
Boad. — Marl  has  been  dug  at  this  place  in  the  past,  though  none  of  it 
is  exposed  at  the  present  time. 
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One  Mile  West  of  Liimherton. — Marl  was  dug  at  this  locality  years 
ago,  and  consisted  of  a  rather  large  variety  of  fossil  shells,  included  in 
a  sandy  matrix  which,  in  places,  has  been  cemented  together  to  form 
calcareous  sandstone. 

Left  Bank  of  Lumber  River,  Lumherton, — Section  poor,  but  at  one 
place  there  is  a  shell  bed  a  foot  thick  which  does  not  seem  to  have  any 
considerable  extent  along  the  river.  The  matrix  is  iron-brown  sand  and 
contains  many  fragments  of  shell  and  some  black  phosphatic  pebbles. 

Four  or  five  miles  below  Lumberton,  left  bank  of  Lumber  River,  the 
following  section  occurs  : 

Pleistocene:  ^  Feet. 

Yellowish-brown  sand,  loose 3 

Loose  white  fine  sand 6 

Fine  loose  sand,  purplish  red 1 

Yellowish-brown  sand .,         1 

Miocene  (Duplin)  : 

Drab  and  purplish-red  stratified  clay 2 

Miocene  shell  marl  bed  with  matrix  of  yellowish  sand 4 

Concealed  to  water's  edge  by  talus  and  vegetation. 

For  the  next  mile  or  so  high  land  is'  near  the  river  on  the  left.  The 
stream  then  enters  a  swamp  and  winds  about  in  long  loops  back  and 
forth  across  the  flood  plain.  This  continues  for  8  or  10  miles  to 
Matthew's  Bluff,  right  bank.  2fo  good  section  of  this  bluff  is  exposed. 
About  3  feet  above  water's  edge  there  is  a  poor  exposure  of  stratified 
drab  clay  and  yellow  sand.  This  resembles  some  of  the  Miocene  ma- 
terials seen  in  the  preceding  section. 

The  bluff  is  about  10  feet  high  and  its  top  is  level  with  the  surround- 
ing country. 

One  and  Three-fourths  Miles  Northeast  of  Fairmont,  Robeson 
County, — Marl  has  been  dug  in  several  places  along  the  tributaries  of 
Hog  Swamp.  Specimens  of  the  marl  can  still  be  seen  about  some  of 
the  old  marl  pits  that  are  now  filled  with  water.  The  matrix  consists 
of  a  gray  to  blue  sand  containing  many  shell  fragments,  and  some  of 
the  shells  show  evidence  of  having  been  water-worn. 

Marl  is  also  said  to  have  been  encountered  in  wells  in  the  town  of 
Fairmont. 

Two  Miles  Northwest  of  Barnesville,  Robeson  County, — Old  marl 
pits  occur  in  this  section,  though  no  marl  has  been  dug  within  recent 
years. 
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PLIOCENE. 
WACCAMAW    FORMATION. 

Name, — The  Waccamaw  formation  receives  its  name  from  the  Wac- 
camaw  River  in  South  Carolina,  where  fossiliferous  deposits  are  well 
developed  and  where  extensive  collections  have  been  made  definitely 
determining  the  Pliocene  age  of  the  exposures.  The  name  "Waccamaw 
beds"  was  first  proposed  by  Dall  in  his  Tertiary  Fauna  of  Florida  in 
1892,^  and  an  extensive  list  of  the  fossils  was  published  on  pages  210-213 
of  the  same  report.  The  name  is  again  used  by  Dall  in  his  Table  of 
Xorth  American  Tertiary  Horizons,^  and  is  also  included  in  his  Cor- 
relation Table  facing  page  334.  Mr.  Earle  Sloan,  State  Greologist  of 
South  Carolina,  uses  the  name  in  his  report  on  the  geology  of  the 
State  included  in  the  Handbook  of  South  Carolina,  page  92,  1907. 

Definition. — The  Waccamaw  formation  includes  all  the  marine  Plio- 
cene deposits  thus  far  recognized  in  North  Carolina,  with  the  excep- 
tion of  the  doubtful  Croatan  deposits,  and  constitutes  the  uppermost 
marine  Tertiary  deposits  of  the  State.  It  is  best  developed  in  the 
southern  part  of  the  State,  no  outcrops  of  it  appearing,  so  far  as  known, 
to  the  north  of  the  Neuse  River. 

The  Waccamaw  strata  overlie  deposits  of  earlier  age  in  the  south- 
eastern part  of  the  State,  these  earlier  formations  ranging  from  the 
Peedee  Cretaceous  to  the  Duplin  Miocene.  In  a  well  boring  in  Hyde 
County  the  record  seems  to  show  the  presence  of  the  Waccamaw  which 
is  in  immediate  contact  with  the  Yorktown  Miocene  deposits.  In 
Craven  and  Carteret  counties  it  is  not  known  what  deposits  underlie  the 
Waccamaw,  but  it  seems  not  improbable  that  in  some  places  it  is  the 
Trent  Eocene. 

Along  the  Cape  Fear  River  the  Waccamaw  is  in  contact  with  the 
Peedee  Cretaceous,  and  it  occupies  a  similar  relation  along  the  Wac- 
camaw River  in  South  Carolina. 

The  formation  is  overlain  by  Pleistocene  in  every  locality  where  it 
has  been  recognized.  In  most  places  the  overlying  materials  consist  of 
unfossilifcrous  quartz  sands  of  light  color,  but  in  Hyde  County  in  a 
well  near  Lake  Landing,  previously  mentioned,  Pleistocene  strata  con- 
taining marine  fossils  are  found  immediately  above  the  Waccamaw. 

The  Waccamaw  formation  is  unconformable  with  all  of  the  forma- 
tions with  which  it  is  in  contact. 

Lithologically  the  Waccamaw  formation  closely  resembles  the  Mio- 
cene Yorktown  formation.    It  consists  of  loose  gray  to  bufiF  fine  quartz 


1  Wagner  Free  Institute  of  Science  Trans.,  Vol.  III.  Part  II.  1892.  p.  209. 
'Eighteenth  Annual  Report  of  the  U.  S.  Geological  Survey,  Part  II,  p.  337. 
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sands  in  which  occasional  small  quartz  pebbles  are  present.  It  also,  in 
places,  contains  a  small  number  of  black,  water-worn  phosphatic  peb- 
bles that  have  evidently  been  derived  from  the  Cretaceous. 

Beside  the  sands  of  the  formation,  the  shell  marls  are  of  greatest 
importance.  Along  the  lower  IsTeuse  River  in  the  vicinity  of  Slocum 
Creek  and  Croat  an  the  quartz  sands  contain  numerous  perfectly  pre- 
served fossils,  some  of  which  have  undergone  so  little  change  that  they 
can  scarcely  be  distinguished  from  recent  shells.  It  is  possible  that 
some  of  these  beds  may  later  prove  to  be  Pleistocene.  The  sandy  matrix 
in  which  they  are  found  is  buff  to  gray  when  weathered,  but  when 
fresh,  greenish-blue  and  somewhat  plastic  on  account  of  the  admixture 
of  considerable  argillaceous  matter. 

Along  the  Cape  Fear  River  the  Waccamaw  deposits  are  well  de- 
veloped in  two  localities,  viz.,  Neill's  Eddy  Landing  near  Cronly  and 
Walker's  Bluff,  about  9  miles  from  Rosindale.  In  both  of  those  locali- 
ties the  shell  marl  constitutes  the  most  important  part  of  the  formation 
and  consists  of  excellently  preserved  fossils  in  a  matrix  of  sand  and  fine 
shell  fragments.  At  the  marl  pits  of  B.  F.  Keith  at  NeilPs  Eddy 
Landing  the  marl  has  been  extensively  dug  and  certain  parts  of  it  con- 
tain so  little  material,  other  than  the  shells,  that  analyses  show  the 
marl  to  consist  of  from  80  to  95  per  cent  calcium  carbonate.  At 
Walker's  Bluff  there  is  a  thin  layer  of  plastic  clay  that  is  somewhat 
calcareous  and  seems  to  constitute  a  part  of  the  formation. 

The  total  thickness  of  the  Waccamaw  formation  is  not  known.  It 
is  probably,  however,  a  comparatively  thin  one  as  developed  in  Xorth 
Carolina,  though  part  of  it  may  have  been  removed  by  erosion  in 
all  of  the  localities  where  known.  In  a  well  section  near  Lake  Landing 
in  Hyde  County  20  feet  of  materials  are  referred  to  the  formation. 
Along  the  Neuse  River  the  thickness  is  unknown.  At  NeilPs  Eddy 
Landing  and  Walker's  Bluff  the  total  thickness  seems  to  be  less  than 
20  feet.  So  far  as  we  have  any  definite  evidence  at  the  present  time 
the  maximum  thickness  of  the  formation  may  be  stated  to  be  not  more 
than  20  to  25  feet. 

As  shown  by  the  lists  of  fossils  from  Weill's  Eddy  Landing  and 
Walker's  Bluff,  given  on  later  pages,  the  Waccamaw  formation  has 
yielded  a  very  large  variety  of  fossil  species.  These  lists  are  far  from 
complete,  as  there  are  many  new  species  found  at  both  of  these  locali- 
ties which  have  not  as  yet  been  studied.  When  the  determination  of 
the  fossils  from  these  localities  has  been  completed  it  is  probable  that 
the  Waccamaw  formation  will  be  found  to  be  even  richer  in  the  num- 
ber of  species  than  the  Duplin,  which  has  yielded  so  many  forms  at  the 
Natural  Well  and  other  places  in  Duplin  County.  The  fossils  from  this 
formation  are,  in  general,  well  preserved. 


t^lL  TOM,  coA^rzjkL  rr  %rr  or  yorra  CAn>LX3r^ 


Tne  ATcal  ezxen:  of  liie  W&ecamaw  foraudon  is  hoc  wcH  known  at 
pres^iit.  1:  has  ceei;  re^iogiized  Lzl  a  well  seczicn  in  Hj-de  Connry,  witb 
a  coT;»-derabLe  d€^;ree  of  cenainij.  It  occurs  soaih  oi  the  Xeoae  River 
:n  Craven  G>tKi:T  and  in  liie  western  i»rt  of  Caneret  Countj,  and 
ag'ain  in  tLe  nor:L;re**em  part  of  Bmnswiot  nir^beastem  part  of 
ColomboSy  and  «*yutbea«tem  part  of  Bidden  counties.  T'&eae  areas  are 
dbconnected,  rii:::gL  they  were  probably  united  at  one  time.  Pre^-Pleis- 
•ocene  erosion,  of  which  there  is  intich  evidence  as  shown  bv  the  nncon- 
forma Ue  contact  of  the  Pleistocene  deposits  resting  upon  the  Wac- 
camaw,  undoubtedly  removed  the  Pliocene  strata  in  the  intermediate 
areas.  Xortheasrward  the  formation  probably  extends  into  Dare,  Tyr- 
rell, and  Currituck  counties*  where  it  may  later  he  recognized  in  well 
borings,  though  no  such  data  are  available  now. 

Southward  the  Waccamaw  of  the  Cape  Fear  River  r^on  is  not 
known  to  be  continuous  with  the  formation  in  northeastern  South  Car- 
olina. There  is  some  evidence  which  pK>inrs  toward  the  presence  of  the 
formation  in  the  lower  part  of  Brunswick  County,  though  the  evidence 
is  not  con^-Iu^ive. 

The  Waccamaw  formation  overlies  beds  of  various  ages  and  occupies 
depressions  in  the  pre-Pliocene  surface.  In  the  vicinity  of  Cronly  the 
formation  dips  toward  the  Cape  Fear  River,  but  at  a  low  inclination. 
It  is  at  that  point  at  a  hiprher  level  than  the  deposit  along  the  Wacca- 
maw River  in  South  Carolina,  which  indicates  a  gentle  dip  toward  the 

ocean. 

Detailed  Sections. 

.SPXTIOX  OF  WELL  2J  MILE.-?  SOUTHEAST  OF  LAKE  LANDING,  HY0E  COUNTY. 

PlciMtfK-ene  or  Pliocene:  Fett. 

I>oose  gray  fossiliferous  sand,  fossils  mostly  fragmentary:  yassa 
8p.,  Pectcn  (?)  sp.,  Balanus  (?)  sp.,  Eulima  (?)  sp.,  Mulinia 
lateralis    <M0 

jAMme  gray  fossiliferous  saod.  fossils  mostly  fragmentary:  Pec- 
ten  (?)  Bp.,  Foraminifera,  Leila  acuta,  Crepidula  fornicata. 
Area  sp.,  Enftis  sp.,  Oairea  sp..  Phacoides  multilineatus,  Vcneri- 
cardia  sp.,  ColumhcUa  (?)  sp..  MangiUa  (?)  sp.,  Terebra  (?) 
sp.,  Turhonilla  (?)  sp.,  Tornatina  canaliculata,  MuUaia  later- 
alis, "Sucula  proxima 40-60 

Flue  lcK>se  gray  sand  with  some  shells  and  shell  fragments: 
Crepidula  fornicata,  Leda  acuta,  Phacoides  sp.,  Pectcn  sp 60-SO 

Pliocene  (Waccamaw)  : 

Fine  loose  gray  sand,  very  fossiliferous,  fossils  mostly  fragmen- 
tary: Crepidula  fornicata,  Fissuridea  sp.,  Xassa  sp.,  Poljftiices 
duplicatus,  Scala  sp..  Area  sp.,  Calloeardia  sp.,  Ensis  sp.,  Leda 
acuta.  Pandora  sp.,  Phacoides  multilineatus,  Phacoides  amian- 
tuM,  Phacoides  tuomcyi,  Venericardia  tridcntata,  Eehinoid 
HpincH.  Eulima  (?)  sp.,  MargincUa  sp.,  OUvclla  (?)  sp.,  Olivella 
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Feet. 
mutica  (?),  Tcretra  dislocata^  Turhonilla  reticulata,  Turritella 
sp.,  Corhula  sp.»  Carhula  hatratianaj  Qemma  magna,  Mulinia 
lateralis,  ynctila  pi'oxima    80-100 

Miocene   (Yorktown  and  St.  Marys?)  : 

Very  fine  loose  gray  sand  with  a  few  shell  fragments:  Callo- 
cardia  (?)  sp.,  Chione  (?)  sp.,  Oemma  (?)  sp..  Phacoides  sp., 
Yoldia  laevis  (?) 100-120 

Loose  gray  calcareous,  slightly  argillaceous  sand,  fossil  if erous : 
Crcpidula  fornicata,  Teinostoma  sp.,  Callocardia  (?)  sp.,  Leda 
acuta,  Nucula  proxima,  Phacoides  (?),  Venericardia  gr an ulat a.  120-140 

Consists  largely  of  shells  and  shell  fragments,  with  a  small 
amount  of  gray  sand:  Echinoid  spines,  Cadulus  thallus,  Cae- 
cum carolinianum,  Dentalium  attenuatum,  Crcpidula  fornicata, 
Fulgur  sp.,  Margitiella  (?)  sp.,  Marginella  (Volutella)  sp., 
Nassa  sp.,  EuJima  (?)  sp.,  Polynices  dupUcatus,  Scala  sp.,  Sella 
adamsi,  Teinostoma  nanum,  Tornatina  canaliculata,  Turhonilla 
interrupta,  Turhonilla  reticulata,  Turritella  sp.,  Astarie  undu- 
latus,  Callocardia  sayana,  Cardium  sp.,  Chione  latilirata,  Cor- 
hula, Leda  acuta,  Nucula  proxima,  Nucula  taphira,  Pandora  sp., 
Phacoides  crenulatus,  Tellina  sp.,  Venericardia  granulata,  Verti- 
cordia  cmrnonsi,  Yoldia  laevis 140-100 

Loose  gray  sand,  with  a  large  amount  of  shell  material,  mostly  in 
a  comminuted  condition:  Cadulus  thallus,  Detitalium  attenu- 
atum,  Tornatinu  canaliculata,  Turhotiilla  sp.,  Astarte  concen- 
trica,  Ensis  sp.,  Leda  acuta,  Nucula  proxima.  Pandora  crassi- 
dens  (?),  Phacoides  crenulatus,  Tellina  sp.,  Venericardia  gran- 
ulata,  Yoldia  laevis 160-lSO 

Loose  gray,  rather  coarse  fossiliferous  sand.  Fossils  mostly  frag- 
mentary: Bryozoa,  Echinoid  spines,  Dentalium  attenuatum, 
Crcpidula  fornicata,  Nassa  sp.,  Olivella  mutica  (?),  Turhonilla 
inferrupta,  Astarte  concentrica,  Callocardia  sayana  (?),  Cat^- 
dium  sp.,  Corhula  sp.,  Ensis  sp.,  Leda  acuta,  Nucula  proxima, 
Phacoides  crenulatus,  Tellina  sp.,  Venericardia  granulata, 
Yoldia  laevis  180-200 

RIVERDALE  WHARF,  RIGHT  BAXK  OF  XEUSE  RIVER.  9  MILP:S  BELOW 

NEW  BERN. 

At  this  place  there  is  a  bluil  about  18  feet  in  height  in  which  the 
following  section  is  exposed : 

Pleistocene:  Fket. 

Laminated  alternating  drab  clay  and  sand  layers,  poorly  exposcil. .  12-15 

Pliocene  (Waccamaw)  : 

Indurated  ferruginous  sandstone  containing  many  small  quartz 
pebbles,  few  larger  than  a  pea  in  size.  The  rock  contains  many 
fossil  casts  of  Pecten,  Ensis,  Leda,   Cardium,   etc.    The   rock 

varies  in  the  amount  of  Induration.     Exposure  about 4 

Compact  drab  clay  poorly  exposed }'>-! 
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The  lower  part  of  tliis  section  is  undoubtedly  Pliocene  or  PIeisto> 
cene,  but  the  fossils  that  are  represented  bj  casta  are  not  distinctive. 
Howerer,  it  is  probable  that  the  strata  bdong  to  the  same  period  as 
those  exposed  at  Sloenm  Creek,  and  probablj  will  be  found  to  be  of 
Pliocene  age. 

Slocum  Creek,  Xeu9e  River. — Along"  Slocmn  Creek  shell  marl  was 
dng  a  number  of  years  ago  and  was  extensiyelT  used  as  a  fertilizer.  Mr. 
Mallin.son  is  reported  to  have  due  large  quantities.  At  present  no 
marl  is  exposed  along  the  creek,  but  along  the  Xeuse  River  a  short 
distance  above  the  mouth  of  Slocum  Creek  the  marl  outcrops  just  be- 
neath the  water.  In  one  or  two  places  the  blue  clay  is  exposed  for  a 
few  inches  above  the  water.  On  the  beach  many  fossils  are  exposed 
which  have  been  washed  from  the  blue  clav  in  which  thev  occur.  The 
excellent  state  of  preservation  of  the  fossils,  as  well  as  the  forms  that 
are  present,  indicate  the  comparatively  recent  age  of  the  beds.  It  is 
probable  that  they  form  a  part  of  the  upper  Pliocene.  SufScient  work 
in  the  determination  of  the  fossils  has  not  as  vet  been  done  to  defi- 
nirely  s^.ttle  this  point,  and  for  that  reason  they  are  retained  in  the 
Pliocene,  where  they  have  formerly  been  placed. 

One-iourih  Mile  MVest  of  Croatan  Staiion,  Craven  County. — Shell 
marl  is  found  at  a  depth  of  5  feet  from  the  surface  in  a  bluish-gray 
sandv  matrix. 

One  and  One-half  Miles  East  of  Lake  Ellis,  Craven  County. — ^ilarl 
has  been  dug  at  this  place,  in  which  were  many  shells  contained  in  a 
matrix  of  rather  coarse  sand  with  lenses  of  bluish-gray  argillaceous 
.«aTKl.     This  marl  is  probably  of  Pliocene  age. 

In  the  vicinity  of  Xewport,  Carteret  County,  marl  has  been  reported 
to  occur  in  which  bones  seem  to  predominate  instead  of  shells. 

Tv;o  Miles  Xorth  of  Kvhns  and  1  Mile  East  of  White  Oak  River. — 

m 

On  rlif  TrofT  Point  plantation  marl  has  been  recently  dug.     The  sec- 
tion exposed  is  as  follows: 

J'lfiHtoffnP:  Ftxtt. 

IhH'if   fhocolate,    loose   brown,   fine-grained   sandy   loam,   colored 

i]i\rk  by  organic  matter 3 

Similar  material,  but  lighter  in  color  and  more  sandy 2 

Pllorrne  (Wacf»amaw)  : 

Shfll  bed,  perfect  shells  in  a  matrix  of  a  fine-grained  drab  to  black 

jirjclllaceous  sand  with  some  pebbles  2  inches  in  diameter 1 

BIiH'-gray  marl  filled  with  shells  in  an  excellent  state  of  preserva- 
tion    3 

One- fourth  Mile  Northeast  of  Kuhns,  Carteret  County. — At  this  place 
marl  has  recently  been  dug.    The  section  is  as  follows: 
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Pleistocene:  Feet. 

Gravelly  sand  with  some  pebbles  as  much  as  II/2  inches  in  diame- 
ter, a  few  black  phosphatized  pebbles  and  water-worn  sharks* 
teeth 4-5 

Pliocene  (Waccamaw)  : 

Very  coarse  sand  cemented  by  calcium  carbonate  and  slightly 
stained  with  iron.    Contains  few  shell  fragments 1-1  Mi 

Blue  to  drab  sand  in  which  are  many  shells,  sharks'  teeth  and 
bones   2V»-3 

Cobble  bed  with  some  of  the  pebbles  as  much  as  3  inches  in  diam- 
eter exposed  in  base  of  pit. 

The  Pliocene  marl  beds  seem  to  occur  in  patches  in  the  vicinity  of 
Cape  Fear  Kiver.  An  instance  of  this  is  shown  about  13  miles  north- 
Tvest  of  Wilmington  in  the  vicinity  of  Northwest  Station.  There  two 
borings  were  made  with  an  auger  to  determine  the  extent  of  the  marl, 
but  in  neither  case  was  the  Pliocene  marl  encountered.  The  Pleisto- 
cene rests  directly  upon  the  Cretaceous.  Only  a  few  hundred  feet  away 
from  the  place  where  the  borings  were  made  the  Pliocene  marl  outcrops 
and  in  character  appears  to  be  similar  to  that  exposed  in  the  marl  pits 
of  B.  F.  Keith  at  XeilPs  Eddy  Landing  on  Cape  Fear  River.  In  one 
place  the  bed  is  at  least  8  feet  thick.  The  matrix  consists  principally 
of  broken  shells  in  which  are  many  perfect  shells. 

XeilVs  Eddy  Landing,  Cape  Fear  Eiver. — At  this  place  fossiliferous 
Pliocene  strata  are  well  exposed,  overlying  Cretaceous  bfeds.  The  shell 
marl  has  been  extensively  dug  and  is  ground,  bagged,  and  shipped  for 
use  as  a  fertilizer.  The  shell  marl  is  about  10  feet  in  thickness  and  is 
made  up  almost  exclusively  of  shells  in  a  good  state  of  preservation, 
contained  in  a  matrix  of  broken  shells.  A  small  amount  of  quartz  sand 
is  present,  but  that  this  is  a  minor  constituent  is  shown  by  the  high 
percentage  of  calcium  carbonate  that  is  shown  in  the  analyses.  Some 
of  the  analyses  show  over  90%  of  calcium  carbonate,  while  most  of 
them  run  about  80%.  Some  calcium  phosphate  is  also  present.  Black 
phosphatic  pebbles  from  %  to  2  inches  in  diameter  are  irregularly  dis- 
tributed through  the  marl.  At  this  place  extensive  collections  have 
been  made  and  a  wide  variety  of  species  determined. 

An  analysis  of  a  phosphate  nodule  occurring  in  the  marl  showed  a 
considerable  amount  of  phosphoric  acid.  The  more  calcareous  portions 
of  the  marl  consist  almost  entirely  of  CaCo^. 

How  extensive  the  deposit  of  Pliocene  marl  is  can  scarcely  be  deter- 
mined because  of  the  absence  of  exposures  due  to  the  level  character  of 
the  surrounding  country.  At  Cronly  there  is  a  large  pit  where  the  Cre- 
taceous marl  has  been  dug  extensively  for  fertilizing  purposes,  and  here 
the  Pliocene  marl  overlies  the  Cretaceous,  but  is  extremelv  thin.     In 
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a  few  places  in  the  pit  it  is  only  2  or  3  inches  thick,  but  in  other 
places  is  more  than  1  foot  in  thickness.  The  lithologic  character  of  the 
material  is  similar  to  that  at  Weill's  Eddy  Landing.  Similar  marl 
beds  are  reported  to  occur  in  numerous  places  to  the  south  and  south- 
east of  Cronly.  Xear  Bolion  marl  has  been  dug  which  may  be  of  Plio- 
cene age,  though  it  is  more  probable  that  it  is  part  of  the  same  bed 
that  outcrops  along  the  shores  of  Lake  Waccamaw,  and  which  carries 
Miocene  fossils. 

The  number  of  species  of  fossils  obtained  at  Weill's  Eddy  Landing  is 
very  large,  as  shown  by  the  following  list,  and  many  new  forms  have 
not  yet  been  described- 

XEILL'S  EDDY  LANDING.  N.  C. 


Gastbopoda  : 

Caecum  carol inianum  Dall. 

Caecum  cooper i  S.  Smith. 

Caecum  floridanum  StimpsoiK 

CaUiOfffonia  iriUoxianum  Dall. 

Cancrllaria  carol iuoisis  Emmons. 

Conus  adversarhis  Conrad. 

ConuH  mariilandicHH  Green. 

Crepidula  fornicata  Say. 

Crepidula  plana  Say. 

Cyprea  pediculufi  LiunC*. 

FuHciolaria  apicina  Dall. 

FaHciolaria  rliomhoidca  Rojjors. 

FiHHuridea  carditcUa  Dall. 

FiHsuridea  nucula  Dall. 

Fulifur  pervcrHum  Linn6. 

Fu8U8  calooHacuHiH  Hellpiin. 

Hotia  fjemma  Tuomey  &  Holmes. 

Mar  (J  India   aurcocincta   Stearns. 

Mart/inclla  dacria  Dall. 

Mart/hiclla  limaiula  (Vmrad. 

Murcjr  rufus  Lamarck. 

Saxna  trivittata  Say. 

Xassarina  oUipta  Bush. 

Oliva  litterata  Lamarck. 

Pol i/n ires  duplicatus  Say. 

PolyniccH  intcrnuH  Say. 

Pyrula  papyratia  Say. 

Tcrehra  dislocata  Say. 

Tornnlina  canaliculata  Say. 

Turrilclla  snhanuuUita  Hoil[)rlii. 
pErKcvroDA : 

Ahra  acqualis  Say. 

Anomin  simpler  d'Orbigny. 

Area  adamsi  Smith. 


Area  Henosa  Say. 
Area  limula  Conrad. 
Area  limula  var.  platyura  Dall. 
Area  rust  lea  Tiiomej-  &  Holmes. 
Astarie  concentrica  Conrad. 
Cardita  arata  Conrad. 
Cardifim   suhlincatum  Conrad. 
Chione  crihraria  Conrad. 
CUione  latilirata  Conrad. 
Corbicula  densata  Conrad. 
Corhula  contraeta  Say. 
Corhula  iuaequalis  Say. 
Crassatellites  gibhesii  Tuomey  & 

Holmes. 
Crassatelliies  lunulatus  Conrad. 
Diplodonta  acelinis  Conrad. 
Di varicella  quadrisuleata  d'Orbiffny. 
Dosinia  elegans  Conrad. 
Frhiiwchama  arciticlla  Liune. 
E)i8i8  direct  us  Conrad. 
Gafrarium  metastriatum  Conrad. 
Glyeymeris  americana  de  France. 
Glyeymeris  peetinata  Gmelin. 
Leda  acuta  Conrad. 
Maetra  n.  sp. 

Modiolus  dueatelii  Conrad. 
Motitacuta  petropoUtana  Dall. 
Mulinia  lateralis  Say. 
Mytihis  hamatus  Say. 
\ucula  proxima  Say. 
Ostrea  sculpturata  Conrad. 
Osti'ca  virfjiniea  Gmelin. 
Pceten  ehoreus  Conrad. 
Pcctcti  n.  sp. 
Phacoidc8  anodonta  Say. 
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Phacoides  crenulatus  Conrad. 
Phacoides  radians  Conrad. 
Phacoides  trisulcatus  Courad. 
Phacoides  tuomcyi  Da II. 
Plicatula  marginata  Say. 
Rangia  clathrodonta  Conrad. 
Semele  hella  Conrad. 
Sportella  constricta  Conrad. 


Sportella  protexta  Conrad. 
Strigella  flexuosa  Say. 
Tagelus  gihhus  Spengler. 
Transcnella  carolincnHis  Dall. 
Vcnericardia  gratrulata  Say. 
Venericardia  pcrplana  Conrad. 
Venericardia  trident  at  a  Say. 
Venus  rileyi  Conrad. 


WALKER'S  BLUFF,   RIGHT 


BANK  OF  CAPE  FEAR  RIVER. 
WILMINGTON. 


60  MILES  ABOVE 


1 

o 

Art 

11 


Pleistocene: 

Sandy  loam 

Mottled  reddish  and  yellowish  arenaceous  clay 

Drab  clay  interstratified  with  yellowish  to  reddish  sand 

Laminated  drab  clay,  becoming  arenaceous  and  with  tine 
sand  partings  in  lower  half;  basal  12  inches  iron  stained. 

Pliocene  (Waccamaw)  : 

Coarse,  loose,  orange-colored  sand 

Calcareous  tough  clay 

Shell  marl  full  of  fossils,  many  perfectly  preserved.  The 
perfect  specimens  are  in  a  matrix  of  fine  shell  fragments 
mixed  in  places  with  coarse  buff  sand.  ThicJcens  in  places 
through  dipping  down  in  pockets  or  holes  in  Cretaceous. 
Gradually  thins  out  and  disappears  in  middle  of  bluff 
through  being  cut  out  by  overlying  Pleistocene.  Again 
appears  at  bend.  It  contains  some  phosphate  nodules  and 
some  sandstone  cobbles  6  inches  in  diameter.  The  aver- 
age thickness  is  about  5-6  feet,  maximum 

Cretaceous: 

Laminated  clays  and  sands,  containing  Cretaceous  fossils  in 
places,  exposed  to  water's  edge 48-51 

FOSSILS  FROM  WALKER'S  BLUFF. 


Feet.  Inches. 
o 


6 


6 


12 


Gastbopoda  : 

Conus  maryJandicus  Green. 
Crepidula  aculeata  Gmelln  var. 

costata  Morton. 
Crepidula  fornicata  Say. 
Crepidula  plana  Say. 
Eupleura  caudal  a  Say. 
Fulgur  canalicnUitum  Liim^. 
Fulgur  perversum  lAuu6. 
Marginella  limatula  Courad. 
yassa  caloosaensis  Dall. 
yassa  lapenotierei  Dall. 
yassa  trivitatta  Say. 
Nassa  vibex  Say. 
Oliva  litterata  Lamarck. 
Polynices  duplicatus  Say. 


Pol yn ices  hcros  Say. 
Seila  adamsi  II.  C.  Lea. 
Terehra  concava  Say. 
Tcrebra  dislocata  Say. 
Terehra  protexta  Conrad. 
Tornatiua  canal iculata  Say. 
TurhoniUa  interrupta  Totten. 
Turboniila  reticulata  C.  B.  Adams. 
Pelecypoda  : 
Abra  aequalis  Say. 
Aligena  aequata  Conrad. 
Anomia  simplex  d*Orbigny. 
Area  adamsi  Smith. 
Area  limula  Conrad. 
Area  plicatula  Conrad. 
Area  rustica  Tuomey  &  Holmes. 
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Area  scalarina  Heilprin. 
Astarte  concentrica  Conrad. 
Bornia  triangula  Dall. 
Callocardia  sayana  Conrad. 
Cardita  arata  Conrad. 
Cardium  oedalium  Dall. 
Cardium  rohustum  Solander. 
Cardium  sublitieatum  Conrad. 
Chama  comjregata  Conrad. 
Chione  cribraria  Conrad. 
Vhione  grus  Holmes. 
Corhula  harratiana  C.  B.  Adams. 
Corhula  contracta  Say. 
Corhula  iuacqualia  Say. 
Craasatellitcs  gibhcsii  Tuomey  & 

Holmes. 
CrassatelUtca  lunulatus  Conrad. 
Diplodonta  acclinis  Conrad. 
Diplodonta  nuclciformis  Wagner. 
Diuaricella  quadrisulcata  d'Orbigny. 
Donax  emmonsi  Dall. 
EcJiinochama  ardncUa  Llnn6. 
Ensis  direct  us  Conrad. 
Erycina  caroHnensis  Dall. 
Gafrariiim  metastriatum  Conrad. 
Oemma  magna  Dall. 
Gemma  trigona  Dall. 
Glycymeris  americana  de  France. 


Olycymeris  pectinata  Gmelin. 
Leda  acuta  Conrad. 
Macrocallista  nimbosa  Solander. 
Mulinia  congesta  Conrad. 
Mulinia  lateralis  Say. 
Mytilus  hamatus  Say. 
Ostrea  percrassa  Conrad. 
Ostrea  sculpturata  Conrad. 
Ostrea  virginica  Gmelin. 
Panopea  reflexa  Say. 
Pecten  eboreus  Conrad. 
Phacoides  amiantus  Dall. 
Phacoides  anodonta  Say. 
Phacoides  crenulatus  Conrad. 
Phacoides  radians  Conrad. 
Phacoides  trisulcatus  Conrad. 
Phacoides  tuomeyi  Dall. 
Plicatula  marginata  Say. 
Rangia  clathrodonta  Conrad. 
Strigilla  flexuosa  Say. 
Tagelus  gibbus  Spangler. 
Tellina  dupliniana  Dall. 
Transenella  carolinensis  Dall. 
Venericardia  granulata  Say. 
Ve7wricardia  perplana  Conrad. 
Venericardia  tridetitaia  Say. 
Venus  campechiensis  Gmelin. 
Venus  rileyi  Conrad. 


LAFAYETTE  FORMATION.* 

Historical  Review, — The  deposits  in  the  Atlantic  Coastal  Plain  States 
now  designated  the  Lafayette  formation  were  first  differentiated  by 
W  J  McGee^  in  1888.  In  that  paper  the  name  "Appomattox"  forma- 
tion was  introduced  for  a  series  of  orange-colored  sands,  clays,  and 
gravels  occurring  in  a  zone  extending  from  near  Fredericksburg,  Ya.,  to 
the  Roanoke  River  in  Xorth  Carolina.     He  says : 

"In  brief,  the  inland  margin  of  the  Appomattox  formation,  as  exposed  north 
of  Roanoke  Kiver,  is  a  moderately  regularly  stratified  sand  or  clay  with 
occasional  intercalations  of  fine  gravel,  generally  of  pronounced  orange  hue. 
and  without  fossils;  it  reaches  a  thicltness  of  probably  50  to  100  feet  and 
forms  the  predominant  surface  formation  over  a  zone  40  or  50  miles  wide  on 
the  RoauolvC,  but  alternates  and  narrows  northward,  finally  disappearing 
at  Potomac  Creek,  4  or  5  miles  north  of  Fredericksburg;  and  although  it 
appears  to  thicken  seaward,  It  soon  disappears  beneath  tide  level  and  newer 
dei)osits." 


•By  L.  W.  Siephensan. 

^\m.  Jour.  Sci.,  3(1  .ser.,  vol.  35,  188S,  pp.  328-330. 
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Concerning  the  stratigraphic  relations  of  the  formation  in  North 
Carolina,  he  says: 

'*.  .  .  at  Weldon  it  rests  upon  deeply  ravined  crystalline  roclis,  save 
where  iuconspicuous  remnants  of  Potomac  arltose  Intervene,     .    .    ." 

"The  formation  is  overlain  only  by  the  alluvium  of  small  streams,  eolian 
sands,  etc.,  on  the  broad  plains  between  Petersburg  and  Weldon,  by  occa- 
sional accumulations  of  wave-washed  debris  derived  from  its  own  mass  in  the 
extensive  Quaternary  terraces  prevailing  in  its  area,  and  by  characteristic 
clays,  sand,  and  gravels  of  the  Columbia  formations  in  the  vicinity  of  the 
larger  streams." 

Concerning  the  extension  of  the  formation  southward,  he  says: 

"The  Appomattox  formation  is  stratigraphlcally  continuous  with  an  exten- 
sive series  of  clays  and  sands  investigated  in  North  Carolina  by  Kerr,  and 
referred  by  him  first  to  the  Quaternary  and  subsequently  to  the  Eocene." 

Concerning  the  age  of  the  formation,  he  says: 

"It  is  manifestly  newer  than  the  fossiliferous  Miocene  on  which  it  rests, 
and  older  than  the  Columbia  formation  by  which  it  is  overlain." 

He  states  his  belief  that  at  least  a  part  of  the  "Orange  sand"  of  Hil- 
gard  in  Mississippi  is  equivalent  to  the  "Appomattox^*  formation. 

In  this  as  well  as  in  later  papers  he  refers  extensive  areas  of  surficial 
deposits  in  North  Carolina  to  this  formation  which  in  the  present  re- 
port are  classed  as  Pleistocene  terrace  deposits. 

In  1890  McQee^  described  somewhat  more  fully  the  distribution  and 
character  of  the  deposits  in  North  Carolina  which  he  included  in  his 
"Appomattox**  formation. 

In  June,  1891,^  a  conference  was  held  in  San  Francisco,  which  was 
participated  in  by  Hilgard,  Le  Conte,  Loughridge,  and  McGee,  with  the 
object  in  view  of  deciding  upon  an  appropriate  name  to  be  applied  to  the 
scattered  deposits  which  had  been  variously  known  by  different  investi- 
gators as  "Orange  sand,"  "Lagrange  sand,**  "Appomattox**  formation, 
etc.,  and  which  all  agreed  were  synchronous  in  age.  The  name  Lafay- 
ette which  Hilgard  had  used  originally  in  his  field-notes  to  designate 
the  formation,  was  agreed  upon.  The  name  is  derived  from  Lafayette 
County,  Miss."* 


>Am.  Jour.  Scl.,  3d  ser.,  vol.  40,  1890,  pp.  15-41. 

»U.  S.  G.  S.,  Twelfth  Ann.  Rept.,  1890-91.  pt.  1,  pp.  498-501;  American  Geologist,  vol. 
8.  1891,  pp.  129-130. 

<In  a  recent  contribution  E.  W.  Berry  has  questioned  the  appropriateness  of  the  name 
••Lafayette"  for  these  deposits.  See  Journal  of  Geology,  vol.  19,  No.  3,  April-May,  1911: 
''The  A«e  of  the  Type  Exposures  of  the  Lafayette  Formation." 
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Later  in  the  same  year,  1891,  a  Monograpliic  study  by  McGee^  on 
the  Lafayette  formation  appeared.  Heferring  to  ISTorth  Carolina  (pp. 
485-486),  he  states  that  in  areal  distribution  the  formation  extends 
from  the  fall  line  halfway  to  the  coast.  In  stratigraphic  position,  it 
rests  unconformably  upon  crystallines  and  various  deposits  of  the 
Coastal  Plain,  up  to  and  including  the  Miocene,  and  is  overlain  by 
sands  of  the  Columbia  group,  which,  however,  are  not  well  discrimi- 
nated from  it.  The  age  of  the  formation  is  regarded  as  late  Neocene. 
The  deposits  which  McGtee  regarded  as  referable  to  this  formation  in- 
cluded not  only  the  Lafayette  formation  as  recognized  by  the  present 
writer,  but,  in  addition,  probably  all  of  the  Coharie  and  Sunderland 
formations,  and  possibly  a  part  of  the  Wicomico,  Chowan,  and  Pamlico 
formations. 

In  1893  J.  A.  Holmes®  described  the  character,  stratigraphic  rela- 
tions, and  age  of  the  surficial  deposits  of  the  sand-hill  country,  which, 
in  North  Carolina,  lies  to  the  east  of  the  Piedmont  border  in  the  south- 
western part  of  the  Coastal  Plain.  In  this  region  these  materials  con- 
sist of  loams  and  sands  which  he  regards  as  referable  in  part  to  the 
Lafayette  formation  and  in  part  to  the  Columbia.  The  former  rests 
with  marked  unconformity  upon  Cretaceous,  and,  to  a  limited  extent, 
upon  Eocene  beds,  and  the  latter,  as  a  thin  surface  mantle,  rests  upon 
Cretaceous,  Eocene,  and  Lafayette  beds. 

In  their  text-book,  which  appeared  in  1906,  T.  C.  Chamberlin  and 
R.  D.  Salisbury,^  discussing  the  origin  of  the  Lafayette  formation,  con- 
clude that  the  deposits  representing  the  formation  in  the  Atlantic 
Coastal  Plain  are  largely  of  fluviatile  and  subaerial  origin. 
,  Definition, — The  deposits  of  this  formation  are  distributed  as  a  more 
or  less  discontinuous  surface  covering  in  a  belt  10  to  30  or  40  miles  in 
width  lying  along  the  northwestern  border  of  the  Coastal  Plain  region. 
The  inner  margin  of  the  belt  was  not  studied  in  detail  during  the  course 
of  the  present  investigations,  and  for  this  reason  the  northwestern 
boundary  of  the  Coastal  Plain  as  mapped  by  Kerr  is  here  accepted, 
with  a  few  modifications,  as  limiting  the  Lafayette  formation  in  that 
direction.  Scattered  beds  of  cobbles  and  gravels  of  fluviatile  origin, 
probably  synchronous  at  least  in  part  with  the  Lafayette,  occur  in  the 
Piedmont  valleys  far  to  the  west  of  the  main  body  of  Coastal  Plain 
deposits.  The  southeastern  boundary  of  the  Lafayette  belt  is  marked 
by  a  seaward-facing  slope  or  escarpment  not  everywhere  sharply  de- 
fined, which  has  not  been  traced  in  detail,  but  which  has  been  recog- 


'Uifayette  Formation,  U.  S.  G.  S..  Twelfth  Ann.  Kept..  1890-91.  pt.  1.  pp.  347-521. 
•CieoloKy  of  the  Sand-hill  Country  of  the  Carolinas;  Geol.  Soc.  Am.  Bull.,  vol.  5.    1803, 
pp.  3334. 

'Geology,  vol.  3,  1906,  pp.  301-308. 
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nized  at  numerous  places.  This  escarpment  leads  down  from  hills  whose 
elevations  exceed  230  feet  to  a  more  or  less  dissected  plain,  here  desig- 
nated the  Coharie  terrace  plain,  whose  maximum  elevation  above  sea 
level  at  the  foot  of  the  escarpment  is  about  230  or  235  feet. 

The  formation  probably  extends  into  South  Carolina,  but  its  distri- 
bution in  that  State  is  imperfectly  known. 

The  formation  rests  with  unconformable  relations  in  part  upon  the 
basement  rocks  of  the  Coastal  Plain,  and  in  part  upon  beds  of  the  Pa- 
tuxent  formation  of  the  Cretaceous.  The  former  relations  exist  from 
Cape  Fear  Kiver  northeastward  to  the  Virginia  line,  crystallines  form- 
ing the  underlying  rocks.  From  the  Cape  Fear  southwestward  to  the 
South  Carolina  line  the  Lafayette  deposits  rest  for  the  most  part  upon 
the  Patuxent  .  formation,  but  along  the  northwestern  border  of  the 
belt  they  lap  over  upon  the  basement-  rocks,  including  both  ancient 
crystallines  and  those  of  the  Newark  group  (Triassic). 

The  deposits  were  laid  down  upon  an  extremely  irregular  surface 
which  was  produced  by  pre-Lafayette  stream  erosion.  They  have  suf- 
fered much  from-  erosion  during  post-Lafayette  times  and  now  exist  as 
discontinuous  sheets  or  patches  which  mantle  the  slopes  or  tops  of  the 
hills  at  elevations  of  from  230  to  400  feet  or  more  above  sea  level. 
Throughout  .the  Lafayette  area  the  present  surface  presents  an  uneven 
aspect,  consisting  in  part  of  smoothly  rolling  hills  and  in  part  of  hills  of 
a  more  rugged,  angular  character,  in  this  respect  contrasting  strongly 
with  the  nearly  level  surface  of  the  lower-lying  Pleistocene  terraces. 
The  main  topographic  outlines  of  the  region  are  believed  to  have  origi- 
nated during  the  pre-Lafayette  erosion  interval  to  which  reference  has 
just  been  made.  This  view  is  supported  by  the  fact  that  the  Lafayette 
deposits  do  not  rest  at  concordant  levels  on  the  hills,  but  to  greater  or 
less  extent  mantle  down  over  the  existing  valley  slopes.  It  is  probable 
that  they  originally  partially  filled  the  pre-Lafayette  valleys,  having 
been  subsequently  largely  removed  from  the  bottoms  and  lower  parts 
of  the  slopes. 

With  the  exception  of  wind-blown  sands  which  are  probably  in  part 
of  Pleistocene  and  Recent  age  and  which  are  present  as  an  extensive 
surface  covering  in  the  sand-hill  region,  no  post-Lafayette  deposits  are 
certainly  known  to  rest  upon  the  Lafayette  beds. 

The  materials  of  the  formation  consist  of  sandy  loams,  sandy  clays, 
sands  and  gravels.  The  coarser  phases  predominate.  In  places  the 
sands  are  arkosic,  the  included  kaolin  grains  having  been  derived  in 
part  from  underlying  Patuxent  beds  and  in  part  from  underlying  or 
adjacent  crystalline  rocks.  Sorting  has  not  been  thoroughly  accom- 
plished except  locally,  the  sands  and  gravels  as  a  rule  containing  a 
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more  or  less  regularly  disseminated  clay  content.  At  some  places  a 
large  percentage  of  the  pebbles  and  cobbles  in  the  gravel  beds  are 
smoothly  rounded,  and  this  is  especially  true  wherever  there  are  con- 
siderable accumulations  of  gravel.  Where  very  thin  coverings  of  the 
deposits  occur,  however,  resting  directly  upon  the  crystalline  rocks  a 
considerable  percentage  of  angular  or  slightly  worn  quartz  is,  as  a  rule, 
intermixed  with  the  well-worn  material. 

The  materials  of  the  Lafayette  formation  in  most  places  present  a 
dull  or  soft  yellowish  or  reddish  appearance,  due  to  the  presence  of 
thin  jSlms  of  iron  oxide  coating  the  sand  and  clay  particles.  They  differ 
in  this  respect  from  the  unweathered  sands  and  clays  of  the  Patuxent 
formation  which,  as  before  stated,  form  the  underlying  strata  over  a 
part  of  the  area,  the  latter  being  as  a  rule  light  in  color,  light  drabs 
and  grays  prevailing.  The  Lafayette  materials,  however,  are  in  some 
places  light  gray  or  mottled,  and  on  the  other  hand  the  Patuxent  ma- 
terials where  they  have  been  subjected  to  long-continued  surface  weath- 
ering present  iron  oxide  colorings,  thus  rendering  it  difficult  at  times 
to  distinguish  between  the  two  formations. 

The  Lafayette  formation  where  present  forms  a  relatively  thin  sur- 
face covering,  as  a  rule  not  exceeding  20  or  25  feet  in  thickness.  The 
thickness  varies,  however,  being  much  less  in  places  and  in  places  per- 
haps amounting  to  or  exceeding  35  or  40  feet. 

Detailed  Sections. — Under  this  heading  will  be  included  descriptions 
of  sections  presenting  materials  regarded  as  typical  examples  of  the 
Lafayette  formation. 

One  of  the  beat  exposures  of  the  formation  in  the  State  is  afforded 
by  a  cut  of  the  Seaboard  Air  Line  Railway  1  mile  west  of  Thelma  in 
Halifax  County.  The  position  of  the  beds  with  relation  to  underlying 
crystalline  rocks  is  shown  in  Fig.  15,  p.  263. 

The  following  features  regarding  the  character  and  relations  of  the 
Lafayette  materials  in  the  above  described  exposure  are  deserving  of 
especial  emphasis:  the  irregularity  of  the  surface  of  the  crystallines 
on  which  they  rest;  the  coarseness  of  texture;  the  smoothly  rounded 
character  of  a  large  percentage  of  the  pebbles  and  cobbles;  the  irregu- 
larity of  the  bedding;  and  the  approximate  conformity  of  the  lines  of 
stratification  to  the  surface  of  the  underlying  crystallines. 

The  hills  in  the  vicinity  of  Aurelian  Springs  in  the  same  county  are 
capped  with  yellowish  and  gray  argillaceous  sands,  sandy  clays,  and 
gravels  having  an  observed  maximum  thickness  of  about  30  feet,  which 
rest  directly  upon  decayed  crystalline  rocks.     The  gravels  occur  princi- 
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pally  along  the  base  of  the  sands  and  clays,  their  outcrops  on  the  hill 
slopes  being  marked  on  the  surface  by  great  numbers  of  quartz  pebbles 
and  cobbles,  the  latter  reaching  a  maximum  diameter  of  6  or  8  inches. 
A  large  percentage  of  the  pebbles  and  cobbles  are  smoothly  rounded. 
This  locality  is  on  the  divide  between  Roanoke  River  and  Fishing  Creek, 
distant  about  10  miles  from  the  former  and  14  miles  from  the  latter. 
The  elevation  at  Aurelian  Springs,  as  determined  roughly  by  aneroid 
readings,  is  about  300  feet  above  sea  level.  The  hills  between  here  and 
Littleton  in  the  same  county  are  capped  by  similar  deposits.  In  many 
places  the  sedimentary  materials  are  present  as  a  very  thin  covering  on 
the  crystalline  surface,  and  in  such  instances  there  is  as  a  rule  an  inter- 
mixture of  sharply  angular  quartz  fragments  in  association  with  the 
more  or  less  smoothly  rounded  pebbles  and  cobbles.  A  short  distance 
northwest  of  Aurelian  Springs  the  sands  of  the  Lafayette  contain  in 
places  enormous  numbers  of  small  arenaceous  or  argillaceous  iron  con- 
cretions. 

Surficial  deposits  of  the  same  general  character  and  at  comparable 
elevations  were  observed  in  the  vicinity  of  Brinkleyville  in  this  county. 

Patches  of  Lafayette  gravels,  sands,  and  sandy  clays  arc  present 
capping  the  hills  in  the  western  part  of  Xash  County,  resting  uncon- 
formably  upon  crystalline  rocks  at  elevations  ranging  from  240  to  335 
feet  above  sea  level.  These  may  be  seen  in  the  railroad  cut  at  Spring- 
hope,  and  at  various  places  along  the  road  leading  from  Springhope  to 
Rogers  Crossroads  by  way  of  Gold  Valley  Crossroads,  Samaria,  Union- 
hope,  and  Dry  Wells.  (See  Springhope  Quadrangle.)  Considerable 
accumulations  of  sand  with  basal  gravel  beds  are  present  at  more  than 
300  feet  above  sea  level  along  the  ridge  on  which  Unionhope  is  situated. 

Gravel  beds  are  present  in  the  northern  part  of  Harnett  County, 
resting  unconformably  upon  the  crystallines,  but  these  have  received 
but  little  studv. 

A  number  of  good  exposures  of  the  formation  are  afforded  by  the 
outs  of  tlio  S(\nbojird  Air  Line  Railwav  in  Southeastern  Moore  Countv 
between  th(^  bridge  over  Crane  Creek  and  Xiagara  station,  a  distance 
of  about  7  miles.  A  short  distance  south  of  Crane  Creek  bridge  at  mile- 
post  58  the  Lafayette  materials  are  seen  to  rest  unconformably  upon 
ty])ical  arkosio  sands  of  the  Patuxent  formation.  The  latter  is  here 
present  as  a  feather  edge  only,  for,  a  few  rods  to  the  north,  decayed 
crystallines  appear  above  the  level  of  the  track.  The  relations  of  the 
formations  are  shown  in  the  drawing,  Fig.  16,  and  the  character  of  the 
materials  is  described  in  the  accompanying  explanations. 


north  CnroUna  OeotoffUal  and  Economic  Surecv-  Vol.  Ill,      PLATE  XV. 


A. — Thin  veneer  of  materials  trom  the  Lafayette  formation  conslstlne  of  smoothlj' 
rounded  pehhles  and  cobbles  In  a  m.itrlx  of  coarse  sand,  resting  on  closely  under- 
lying:, d**ply  decayed,  cryatalllne  rocks  near  Samaria,  Unlonhope  road,  1^  miles 
southwest  of  Samaria.  Nash  County,  N.  C. 


R— Exposure  of  the  Lafayette  formation  resting-  u 
tuxent  formation:  cut  of  Seaboard  Air  Line  Railway,  1 
View,  Moore  County,  N.  G. 
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A  cut  at  Vass  station,  an  exposure  near  the  post-office  at  Lake  View, 
and  several  cuts  between  Lake  View  and  Niagara  station  reveal  Lafay- 
ette materials  occupying  positions  with  reference  to  the  underlying 
Patuxeut  beds  similar  to  that  shown  in  the  figure  to  which  reference 
has  just  been  made.  In  places  the  contact  is  seen  to  be  very  irregular, 
as  is  true  in  the  cut  represented  in  the  Fig.  9,  p.  109  of  this  report. 
(See,  also,  Plate  XV,  opposite  p.  264.) 

SW.  NE. 


About  400  -feet 


Fi<;.  16. — Sketch  showlngr  the  relation  of  the  Patuxent  formation  to  the 
I^afayette  fonnation;  cut  of  Seaboard  Air  Line  Railway,  milepost  58,  Moore 
Countj',  N.  C. 

EXPLAXATIOV  OF  P'KSURE. 

Lafayette  formation: 

1.  Coarse,  loose,  gray  sand. 

2.  Coarse  mottled  argillaceous  sand  with  sandy  clay  lenses  and   scattered   lenses  of 

pebbles.     Grades  down  into  next  layer. 

3.  Gravel  layer  4  to  6  feet  thick,  consisting  of  moderately  rounded  to  angular  pebbles 

up  to  s€».veral  inches  in  diameter  with  a  coarse,  yellow  sand  matrix  cross-bedded 
in  places. 
Patuxent  formation: 

4.  Stratified,  gray,  coarse,  arkosic  sand,  streaked  with  yellow. 

Gravel  deposits,  probably  to  be  classed  with  the  Lafayette  formation, 
are  present  capping  some  of  the  hills  in  the  vicinity  of  Pinehurst  in 
Moore  County,  but  these  have  not  received  careful  study. 

A  long  cut  of  the  Seaboard  Air  Line  Railway  just  north  of  Hamlet 
ill  Richmond  County  exhibits  clearly  the  relations  of  the  Lafayette 
b,eds  to  the  underlying  Patuxent  formation.  The  following  section 
describes  with  approximate  accuracy  the  character  of  the  materials  re- 
vealed in  any  part  of  the  cut,  except  that  the  two  Lafayette  layers  vary 
con.siderably  in  thickness  horizontally,  and  at  certain  places  the  Patux- 
ent-Lafayette  contact  is  somewhat  obscured  by  weathering. 

CUT  OF  SEABO.\RD  AIR  LIXE  RAILWAY  JLST  NORTH  (3F  HAMLET,  X.  C. 
Pliocene f  (Lafayette  fonnation)  :  Feet. 

Coarse,  loose,  pebbly  sand,  gray  at  top,  becoming  a  dull  yellow 
towards  base.     Merges  with  the  underlying  hhI  sand  and  gravel 


layer  towards  the  north  end 


2-r) 


Red  and  mottletl,  coarse,  argillaceous,  more  or  U*ss  pebbly  sand, 
with  a  partially  discontinuous  band  of  pebbles  and  cobbles  along 
base.  Iron  crusts  present  along  contact  in  places.  The  i)ebbles 
and  cobbles  are  of  all  sizes  up  to  4  or  5  Inches  and  vary  in 

shai>e  from  angular  to  moderately  well  rounded 1-8 

(Unconformity.) 
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Crctaccona  (Patiixeiit  fornintioiO  :  Feet. 

Coarse,  cross-bedded,  argillaceous,  arkosic,  varicolored  sand,  with 
subordinate  clay  lenses,  and  in  places  numerous  rolled  clay 
balls 30-20 

THE  QUATERNARY  FORMATIONS. 
By  L.  ay.  Stephenson. 

HISTORICAL  REVIEW. 

Tlie  siirficial  deposits  of  the  Coastal  Plain  of  Xorth  Carolina  received 
but  little  systematic  study  prior  to  the  investigations  of  B.  L.  Johnson 
in  1907.  Such  progress  as  was  made  towards  the  determination  of  their 
age,  their  origin,  and  the  proper  basis  for  their  classification  cannot  be 
credited  to  any  considerable  extent  to  original  investigations  within  the 
State.  The  classic  contributions  treating  of  this  class  of  deposits  have 
been  made  with  particular  reference  to  their  occurrence  in  the  Coastal 
Plain  States  to  the  north  of  Xorth  Carolina  or  in  the  Gulf  Coastal 
Plain  States,  with  only  occasional  descriptions  of  or  discussions  of  their 
extension  or  supposed  extension  into  or  through  !N'orth  Carolina. 

It  is  not  our  purpose  to  give  an  account  of  all  the  contributions  which 
have  either  directly  or  indirectly  tended  to  further  this  progress,  for 
that  would  involve  a  complete  historical  treatment  of  the  subject  as  it 
relates  to  the  whole  Coastal  Plain.  Only  the  more  important  contribu- 
tions treating  of  these  deposits  in  Xorth  Carolina  or  in  the  Atlantic 
Coastal  Plain,  including  Xorth  Carolina,  will  be  referred  to  in  this 
review. 

The  first  attempt  at  classification  which  included  Xorth  Carolina  in 
its  scope  was  that  of  William  ^faclurc^  in  1800.  All  the  Coastal  Plain 
deposits  are  regarded  as  bolonsring  to  one  division,  which  he  calls  the 
"Alluvium,"  and  which  he  subdivides  as  follows: 

1.  Peat, 

2.  Sand  and  gravel, 

3.  Loam, 

4.  T)Oi}^  iron-ore, 

5.  Xagel-fluli, 

6.  Calc-tufT, 

7.  C{)lc-sinter. 

^Trans.  Amov.  Phil.  Soc,  vol.  G.  ISOI).  pp.  41 1-42S:  Jour,  de  Phys..  69.  1809,  pp.  20  4-213. 
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Essentially  the  same  classification  was  given  in  publications  by  the 
same  author  in  1811,2  1817,3  and  1818.^ 

x\n  important  contribution  which  marks  a  distinct  advance  in  Coastal 
Plain  knowledge  was  made  by  Lardner  Vanuxem  in  1827,  through  Dr. 
S.  6.  Morton.^  It  is  stated  that  the  materials  occurring  in  the  region 
covered  by  the  "Secondary,'*  "Tertiary,"  and  "Alluvial"  formations  of 
the  Atlantic  Coast  have  been  previously  referred  to  by  most  writers  as 
the  "Alluvial,"  and  as  constituting  a  single  deposit ;  others  have  used  the 
general  term  Tertiary.  Vanuxem  recognizes  in  the  Coastal  Plain  de- 
posits three  major  divisions,  namely,  the  "Secondary,"  Tertiary,  and 
"Alluvial"  formations.  For  the  youngest  of  these,  the  "Alluvial,"  he 
proposes  the  following  subdivisions : 

-.^   ,       ■    ,     .  ,     (  Vegetable  mould. 
Modern  alluvial     \  t^.         „ 

[  Kiver  alluvium. 

..,„.,(  White  siliceous  sand. 
Ancient  alluvial    <  t^   ,       ,, 

I  Ked-earth. 

The  ancient  alluvial  is  described  as  occupying  the  highest  elevations 
above  the  "Secondary"  and  Tertiary  classes,  and  consequently  was  not 
formed  by  existing  rivers.  The  white-sand  division  is  thought  to  have 
originated  by  the  leaching  out  of  the  coloring  matter  of  the  underlying 
rod-earth.  This  division  is  said  not  to  occur  north  of  Worth  Carolina, 
but  is  abundant  in  all  of  the  States  south  of  it.  The  modern  alluvial  is 
well  characterized  in  the  Southern  States  and  consists  of  the  debris  of 
the  rivers  which  has  been  thrown  up  against  the  masses  of  the  older  for- 
mations. He  thinks  that  bevond  doubt  all  the  bones  of  the  mammoth 
and  other  mammaliferous  terrane  quadrupeds  found  in  this  region  be- 
long to  the  two  alluvials. 

About  the  same  time,  1827  and  1828,  Elisha  Mitchell  published  sev- 
eral papers®  '^  combatting  the  view,  apparently  prevalent  at  that  time, 
that  the  "Low  Country"  was  produced  by  the  addition  of  materials  along 


'Jour,  de  phys.,  de  chim,  et  d'hist.  nat.,  vol.  72,  Paris.  1811.     With  map:  pp.  137-165. 

30bs€*rvations  on  the  geolopy  of  the  I'nited  States  of  America,  with  some  remarks  on  the 
effect  prwiuced  on  the  nature  and  fertility  of  soils  by  the  decomposition  of  the  different  classes 
of  rocks.     With  two  plates.     12mo.     Phila,,  1817. 

^Observations  on  the  geoloRy  of  the  United  States  of  .\merica.  with  some  remarks  on  the 
probable  effect  that  may  be  produced  bj"  the  decompoMtion  of  the  different  class<\s  of  rocks  on 
the  nature  and  fertility  of  soils.  Two  plates.  Republished  in  Trans.  Amer.  Phil.  Soc,  vol.  1, 
n.  s..  1818,  pp.  1-91.     I^on.  Zeit.,  I.  1826,  pp.  124-138. 

*GeoloKical  ob.servations  of  the  .Secondary,  Tertiary,  and  Alluvial  formations  of  the  Atlan- 
tic Coa.st  of  the  United  States  of  America.  (Arranged  from  the  notes  of  Lardner  Vanuxem.) 
Acad.  Nat.  Sci.,  Phila.,  Jour.,  vol.  6,  1827,  pp.  59-71. 

•Report  of  the  Geology  of  North  Carohna,  pt.  3,  Rale.ij^h,  1827. 

7Amer.  Jour.  Sci.,  vol.  13,  1828.  pp.  336-347. 
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W.  C.  Kerr^  in  1875  included  the  surficial  deposits  of  the  North  Caro- 
lina Coastal  Plain  region  in  the  Quaternary  system.  The  materials 
are  described  as  consisting  of  beds  of  pebbles,  sand,  and  clay.  He 
believes  that  the  Coastal  Plain  region  was  submerged  during  at  least  a 
part  of  the  glacial  period  and  regards  the  Quaternary  deposits  as  hav- 
ing been  transported  by  the  great  floods  resulting  from  the  melting  of 
the  ice  of  the  glacial  period.  He  distinguishes  three  periods  in  the 
Quaternary,  namely,  "Glacial,"  "Champlain,"  and  "Terrace." 

In  1884  Kerr^  described  the  character  of  the  low-lying  region  adja- 
cent to  Cape  Ha tt eras.  He  regards  the  formation  of  the  great  Dismal 
Swamp  and  other  swamps  as  due  to  a  subsidence  of  the  region.  The 
long,  narrow  hills  which  inclose  the  Pamlico  and  Albemarle  Sounds 
are  described  as  hills  or  dunes  blown  shoreward  bv  the  wdnd  and  thrown 
up  into  reefs  and  hillocks.  The  Hatteras  region  as  a  whole  is  described 
"as  a  sort  of  delta,  whose  materials  are  derived  from  the  drainage  of 
more  than  100,000  square  miles  of  the  Atlantic  slope." 

The  occurrence  of  fossil  stumps  of  cypress  in  the  Quaternary  de- 
posits on  the  southwest  bank  of  Xeuse  River,  10  to  12  miles  below  the 
town  of  New  Bern,  was  noted  by  J.  A.  Holmes'^  in  1885. 

The  name  Columbia  formation  was  proposed  by  "W  J  McGee  in 
1886  for  the  Pleistocene  deposits  occurring  in  the  District  of  Columbia. 
The  character  and  distribution  of  the  formation  about  Washington 
and  in  general  throughout  the  Coastal  Plain  were  described  in  a  series 
of  papers  which  appeared  during  the  years  1886-1888.  One  of  the 
most  important  of  these  contributions  appeared  in  1888.**  He  divides 
the  Columbia  formation  into  the  fluvial  phase  and  the  interfluvial 
phase.  Both  phases  are  said  to  occur  in  the  vicinity  of  Roanoke  River 
in  Xorth  Carolina.  He  states  that  the  city  of  Weldon  is  located  on  a 
broad  Quaternary  terrace  of  the  Roanoke,  60  feet  above  its  tidal  waters, 
and  notes  the  occurrence  of  a  practically  continuous  series  of  similar 
terraces  from  the  Roanoke  northward  to  the  terminal  moraine. 

In  1890  the  same  author,^  discussing  the  southern  extension  of  the 
"Appomattox"  formation,  describes  the  character  and  stratigraphic 
relations  of  the  Columbia  formation  as  follows : 

"In  North  Carolina  the  relations  displayed  in  the  District  of  Columbia  are 
maintained,  save  that  the  interfluvial  phase  becomes  pro^rressively  more  and 
more  sandy  in  crossing  the  State  from  north  to  south,  and  finally  passes  into 
the  essentially  continuous  veneer  of  sandy  loam  or  fine  sand  completely  cover- 


»Report  of  the  Geology  of  North  Carolina,  vol.  1.  1875,  pp.  8-9,  12-19.  118-120,  153-161. 
»The  geology  of  Hatteras  and  the  neighboring  coast.      (Abstract)   Washington  Phil.  Soc, 
Bull.,  vol.  6,  1883,  pp.  28-30. 

•Elisha  Mitchell  Sci.  Soc.,  Jour.,  1884-85,  pp.  92-93.  1885. 

<Amer.  Jour.  Sci.,  3cl  ser„  vol.  35,  1888.     Columbia  formation,  pp.  367-388,  448-466. 

»Amer.  Jour.  Sci.,  3d  ser.,  vol.  40,  1890.  pp.  15-41. 
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ing  the  seaward  portion  of  the  Coastal  Plain  from  the  Neuse  River  to  Mobile 
Bay"  (p.  17)  .  .  .  *Mn  North  Carolina  and  Virginia  the  Columbia  is  little 
more  than  a  flowing  mantle  masking  the  more  rugged  framework  of  the  older 
Appomattox"  (p.  32). 

In  1898**  Lewis  Woolman  described  the  occurrence  of  fossil  mollusks 
and  diatoms  in  materials  dredged  from  the  bottom  of  the  Dismal 
Swamp  Canal  and  gave  lists  of  the  forms  determined.  He  concludes 
that  the  deposits  from  which  they  were  obtained  are  either  of  late 
Pliocene  or  earlj  Pleistocene  age.  These  beds  are  now  referred  to  the 
Pleistocene. 

In  their  text-book  W'hich  appeared  in  1906,  T.  C.  Chamberlin  and 
R.  D.  Salisbury'^  expressed  the  view  that  the  Lafayette  and  Columbia 
formations  of  the  Atlantic  Coastal  Plain  were  largely  of  fluviatile  and 
subaerial  origin.  According  to  their  interpretation,  the  deposits  were 
laid  down  on  flat  peneplaned  surfaces  bordering  the  coast.  Streams 
flowing  from  higher  bowed-up  regions  to  the  west  were  unable  to  carry 
their  load  of  sediments  across  this  flat  region,  and  consequently  depos- 
ited them  in  the  form  of  flood  plain  or  broad  alluvial  fan  accumula- 
tions. Those  deposited  farthest  inland,  owing  to  later  elevation  brought 
about  by  continued  bowing  up  of  the  region  to  the  west,  may  have  been 
picked  up  again  by  the  rejuvenated  streams  and  carried  forward  and 
redeposited  nearer  the  coast,  and  this  process  may  have  been  repeated 
a  number  of  times.  This  view  is  directly  the  opposite  of  that  held  by 
Dr.  G.  B.  Shattuck,^  w^ho  regards  the  surficial  deposits  of  the  Coastal 
Plain  as  having  originated  chiefly  as  marine  and  estuarine  terrace 
deposits. 

A  monographic  study  of  the  Pliocene  and  Pleistocene  deposits  of 
Maryland  by  Dr.  6.  B.  Shattuck^  appeared  in  1906.  His  conclusions 
regarding  the  nature  and  origin  of  these  deposits  will  be  referred  to 
later  in  this  report.     The  classification  which  he  proposed  is  as  follows: 

Pliocene  period: 

Lafayette  formation. 
Pleistocene  period: 
Columbia  group — 

Sunderland  formation. 

Wicomico  formation. 

Talbot  formation. 


^Vcarl.  Nat.  Sci.,  Proc,  1S98,  pp.  414-428. 

'Go.ology.  vol.  3.  1*K)R.     Lafayette,  pp.  301-308:  Columbia,  pp.  447-454. 

Mohns  Hopkins  UniV.  Circular,  No.  152,  May-June,  1901,  pp.  69-75;  Amer.  Geol.,  vol.  2S, 
1901.  pp.  87-107. 

Plioo'iie  and  Pleistocene  deposits  of  Maryland.  Maryland  Geol.  Survey,  1906,  237  pages, 
plates  7"). 

"Op.  cit. 
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In  the  same  year  the  Maryland  classification  as  proposed  by  Shat- 
tuck  was  adopted  by  Prof.  William  B.  Clark  and  Dr.  B.  L.  Milleri^ 
for  equivalent  deposits  in  Virginia. 

The  first  investigator  to  recognize,  in  the  surface  features  of  the 
Xorth  Carolina  Coastal  Plain,  a  system  of  Pleistocene  terracing  simi- 
lar to  that  displayed  in  the  Maryland  Coastal  Plain  was  B.  L.  Johnson 
of  the  U.  S.  Geological  Survey.^  ^ 

The  nature  of  the  terracing  in  the  Atlantic  Coastal  Plain  region  is 
such  that,  while  it  is  possible  in  many  places  to  recognize  terraces,  it  is 
practically  impossible,  without  the  aid  of  contour  maps,  to  trace  any 
given  terrace  from  one  river  valley  to  another.  Early  investigators 
had  been  so  hampered  by  lack  of  maps  showing  details  of  surface  con- 
figuration that  they  had  failed  to  recognize  the  existence  of  the  exten- 
sive system  of  ocean-facing  terraces,  and,  consequently,  did  not  grasp 
the  true  nature  of  the  processes  which  had  operated  to  produce  them. 
The  completion  of  a  set  of  contour  maps,  covering  practically  all  the 
Maryland  Coastal  Plain,  enabled  Dr.  Shattuck  to  work  out,  in  great 
detail,  the  system  of  terracing  as  exhibited  in  that  State. 

During  recent  years  a  set  of  these  maps  has  been  completed  covering 
areas  in  eastern  N'orth  Carolina  in  the  vicinity  of  Tar  and  Neuse 
rivers,  and  extending  from  tidewater  to  the  Piedmont  border.  In  1907 
Johnson,  with  the  aid  of  these  maps,  was  able  to  recognize  a  number 
of  ocean-facing  terrace  plains  paralleling  the  coast,  each  successively 
older  one  occupying  a  position  higher  and  more  remote  from  the  coast 
than  the  preceding.  Reentrants  from  each  of  the  main  terraces  extend 
up  the  river  valleys  toward  the  Piedmont  border.  The  several  terrace 
plains  are  separated  from  each  other  by  escarpments  more  or  less  well 
defined.  The  levels  at  which  these  plains  occur,  beginning  with  the 
youngest,  are  given  as  follows:  The  first  varies  in  elevation  from  sea 
level  to  20  or  25  feet  above  sea  level;  the  second,  from  30  to  50  feet; 
the  third,  from  60  to  80  feet;  the  fourth,  from  110  to  140  feet;  the 
fifth,  from  180  to  200  feet,  and  remnants  of  terraces  are  noted  at  from 
220  to  260  feet  and  at  from  280  to  320  feet.  The  author's  only  state- 
ment regarding  the  correlation  of  these  terraces  is  quoted  as  follows :    . 

"Terraces  at  these  same  elevations  appear  on  topographic  maps  in  Virginia 
and  Maryhind." 

In  3907  E.  W.  Berry^^  announced  the  discovery  of  two  Pleistocene 
plant  localities  in  N^orth  Carolina,  one  on  the  Roanoke  and  the  other 


wGeoI.  Siirv.  of  Virginia.     Geol.  Series,  Bull.  No.  2.  1906.  pp.  21-24. 
".Science,  n.  s.,  vol.  26,  1907.  pp.  640-642. 
»«Jour.  of  Geol.,  vol.  15,  1907,  pp.  338-349. 
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PLEISTOCENE. 

COLUMBIA  GROUP. 

COHARIi:   FX>RMAT10N 

Xame, — The  name  Coharie  is  derived  from  Great  Coharie  Creek,  a 
tributary  of  Black  River  in  North  Carolina.  The  appropriateness  of 
its  application  is  suggested  by  the  fact  that  the  terrace  plain  formed 
by  the  surface  of  the  deposits  of  the  formation  has  a  widespread  devel- 
opment on  either  side  of  the  narrow  valley  of  this  creek  in  the  northern 
half  of  Sampson  County.     (See  Great  Coharie  quadrangle.) 

Definition: — The  deposits  referred  to  this  formation  constitute  a  ter- 
race covering  present  over  considerable  areas,  including  the  central 
part  of  Xash  County,  the  western  part  of  Wilson  County,  portions  of 
eastern  and  southern  Johnston  Countv,  southwestern  Wavne  Countv,  the 
northern  half  of  Sampson  County,  and  a  small  area  in  eastern  Harnett 
County,  and  south  of  Cape  Fear  River  broad  areas  in  southern  Cumber- 
land, northern  Robeson,  and  sontheastem  Scotland  counties.  In  the 
areas  south  of  Cape  Fear  River  the  Coharie  Plain  has  not  been  differ- 
entiated, except  approximately,  from  the  next  lower-lying  or  Sun- 
derland plain.  All  of  these  areas,  except  as  they  have  been  dis^^eci  d 
by  streams,  present  broad,  almost  level  or  very  gently  sloping  surfaces. 
Broad  reentrants  from  the  terrace  plain  of  the  lower-lying  Sunderland 
formation  extend  up  the  principal  valleys  which  have  their  courses 
across  these  areas.     (See  geologic  map,  Plato  XITT,  in  pocket.") 

Xorthward  of  the  areas  above  described  a  narrow  area  of  Coharie 
deposits  is  believed  to  extend  through  Halifax  County  and  possibly 
through  Northampton  County  into  Virginia,  but  its  limits  have  not 
been  accurately  determined.  The  Coharie  plain  extends  southward 
into  South  Carolina,  but  the  extent  of  its  development  in  that  State  has 
not  been  determined. 

Along  the  northwestern  border  of  the  Coharie  belt  as  a  whole  the 
deposits  are  limited  by  the  escarpment  previously  described  as  forming 
the  southwestern  boundarv  of  the  Lafavette  belt.  To  the  southeast 
they  are  limited  by  a  sea-facing  escarpment  which  separate^  them  from 
the  next  lower  lying,  and  younger,  terrace  formation,  the  Siindorland. 
This  latter  escarpment  is  well  marked  on  the  Rocky  Mount  and  Kenly 
quadrangles.  Outside  of  these  quadrangles  the  escarpment  has  not 
been  traced  in  detail,  and  the  lines  are  drawn  approximately,  using 
railroad  elevations  and  such  other  data  as  are  available.  Broad  reen- 
trants from  the  Sunderland  plain  extend  up  the  streams,  and.  in  the 
case  of  some  of  the  larger  rivers,  reach  almost  across  the  Coharie  belt. 

18 
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Vartft  Carolina  Qeotoglcat  and  Economto  Survey.  Vol..  Ill,     PLATB  XVI. 


A.— Flattened  pebbles  from  the  beach  at  Atlantic  City,  N.  J. 


— Flatteoed  pebbles  from  the  beach  at  Ocean  City.  N.  J. 


blea  from  Four  Oaks.  N.  C 


North  DaroUM  Otologleal  and  Eeonomie  Burnej/.  Vol.  III.     PLATE  XVIII. 


THE  QUATERNARY  FORMATIONS.  275 

Striking  similarity  in  shape  is  apparent.     This  fact  is  believed  to  have 
a  significant  bearing  on  the  question  of  the  origin  of  the  materials. 

(See  Plate  XVI,  A  and  B,  and  Plate  XVIII,  opposite  p.  274.) 

Locally  the  gravels  in  this  formation  have  been  cemented  by  iron  to 
form  a  conglomerate. 

With  the  exception  of  small  pieces  of  silicified  wood  in  the  deposits 
forming  the  tops  of  the  hills  west  of  Fayetteville  and  a  few  trunks  of 
silicified  trees  in  similar  deposits  near  Wade,  both  in  Cumberland 
County,  and  one  fragment  of  silicified  wood  from  a  cut  3V2  miles 
southwest  of  Pour  Oaks,  no  fossil  remains  have  been  obtained  from 
the  beds  of  this  formation. 

The  thickness  of  the  deposits  probably  averages  about  25  feet,  being 
less  in  places,  and  in  places  more,  perhaps  reaching  a  maximum  of  40 
or  50  feet  locally. 

Detailed  Sections. — Some  of  the  best  exposures  of  the  Coharie  for- 
mation occur  in  Johnston  County,  especially  in  railroad  cuts  in  the 
vicinity  of  Four  Oaks.  In  a  cut  2%  miles  northeast  of  the  station, 
near  Corinth  Church  (see  Four  Oaks  quadrangle)  the  Coharie  beds 
are  seen  to  rest  imconformably  upon  the  Patuxent  formation.  (See 
Fig.  3,  p.  94,  and  Plate  XX,  A,  opposite  p.  277.)  The  materials  consist, 
first,  of  0  to  2  feet  of  loose,  gray,  coai*se,  pebbly  sand,  forming  a  surface 
mantle,  and,  second,  of  4  to  8  feet  of  mottled,  coarse,  argillaceous  sand, 
with  scattered  pebbles  and  thin  lenses  and  layers  of  pebbles  in  places. 
The  contact  with  the  underlying  Patuxent  formation  is  sharp  and  easily 
traceable.  Another  good  section  is  afforded  by  a  cut  5  miles  southwest 
of  Four  Oaks.  Here  the  Coharie  materials  consist  of  coarse,  yellow, 
argillaceous,  pebbly  sand,  with  irregular  lenses  of  pebbles  which  are 
more  numerous  along  the  base.  Many  of  the  pebbles  and  cobbles  are 
smoothly  rounded  and  they  reach  maximum  diameters  of  3  or  4  inches. 

In  the  region  to  the  southeast,  south,  and  southwest  of  Four  Oaks, 
the  gravels  of  the  Coharie  contain  noticeable  percentages  of  flat, 
smoothly  rounded  pebbles.  (See  Plate  XVIII,  opposite.)  Mention  may 
be  made  of  gravel  occurrences  in  the  vicinity  of  the  first  crossrojids  1^^ 
miles  directly  southeast  of  Four  Oaks,  where  this  feature  is  especially 
noticeable.  The  same  may  be  said  of  a  gravel  bed  exposed  in  a  cut  of 
the  Smithfield  and  Favetteville  road  about  6  miles  south  of  Four  Oaks, 
where  the  road  passes  up  the  south  slope  of  Stone  Creek.  (See  Four 
Oaks  quadrangle.)     The  section  exposed  here  is  described  as  follows: 
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SECTION  IN  SMITHFIELD  AND  FAYETTEVILLE  ROAD,  6  MILES  SOUTH  OF  FOUR 

OAKS  ON  SOUTH  SLOPE  OF  STONE  CREEK. 

Pleigtocene  (Coharie  formation) :  Feet. 

Coarse,  loose,  gray  sand 1  to  3 

Coarse,  yellow,  argillaceous  saml 2  to  3 

Gravel  bed  with  mottled,  argillaceous  sand  matrix.    Large  per-    . 
centage  of  the  pebbles  smoothly  rounded  and  many  of  them  flat, 

probably  as  the  result  of  wave  action  on  a  beach 6  to  7 

(Unconformity  J 

Cretaceous  ( Pa tuxent  formation)  : 

Dark  drab  clay 8 

Light  gray,  compact,  argillaceous  sand 20 

The  Coharie  plain  has  an  extensive  development  to  the  west  of  Faj- 
etteville  in  Cumberland  County.  It  here  lies  about  100  feet  above  the 
plain  on  which  the  business  part  of  the  town  stands,  the  latter  being 
about  100  feet  above  sea  level  and  probably  representing  the  Wicomico 
plain.  There  are  a  few  poor  exposures  of  the  Coharie  materials  along 
the  crest  of  the  scarp  separating  these  two  plains,  and  from  these  the 
following  section  is  constructed : 

SECTION  CONSTRUCTED  FROM  EXPOSURES  IN  THE  STREETS  ALONG  THE 

WESTERN  EDGE  OF  FAYETTEVILLE.  N.  C. 

Pleistocene  (Coharie  formation)  :  Fekt. 

Yellow,  red,  and  mottled  coarse  sand,  with  a  band  of  pebbles,  for 

the  most  part  smoothly  rouiwU'd  along  base 30 

(Unconformity. J 
Cretaceous: 

Black  Creek  formation : 

Drab  clay  and  yellow  sand  poorly  expose<l 30 

(Unconformity.) 
Patuxent  formation: 

Coarse,  gray,  arkoslc  sands  and  drab  clays  (to  level  of  tracks  at 
station)   40 

The  road  running  west  from  Fayetteville  to  Aberdeen  passes  over 
the  Coharie  plain  a  distance  of  11  or  12  miles  before  it  enters  the  sand- 
hills which  mark  the  western  limit  of  the  Coharie  formation  in  this 
region.  A  road-cut  8  or  9  miles  from  Fayetteville  exposes  the  follow- 
ing section : 

SECTION  IN  ROAD-CUT,  FAYETTEVILLE  AND  ABERDEEN  ROAD,  8  OR  9  MILES 

WEST  OF  FAYETTEVILLE,  N.  C. 

Pleistocene  (Coharie  formation)  :  Feet. 

Lpose  gray  sand 2 

Coarse,  yellow,  somewhat  pebbly  argillaceous  sand 8 


.   Ill,      PLATB  XIX. 


— Exposure  of  the  Coharie  (ormatlon  resting  unconfarmably  upon  llie  Patuxent 
C  nf  Ailnntlc  Coast  Line  Railroad,  Ave  mllea  southwest  »[  Four  Oaks, 
Johnston  County,  N.  C 


Sorlh  CaroKiu  Orotogtcal  and  Economic  Bartey.  Voi»   III.      PLATE  X\. 


A. — Exposure  at  the  Coharle  formalion  resCliiK  unconronnably  upon  the  Patuxent 
formation:  cut  of  the  Atlantic  Coast  L.lne  RallroHd.  2%  miles  northeast  of  Four 
Oaks,  near  Corinth  Church,  Johnston  County.  N.  C. 
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Feet. 
Gravel  bed  with  matrix  similar  to  preceding  material.    Pebbles 
for  the  most  part  smoothly  rounded  and  averaging  less  than  1 
Inch  in  diameter  with  maximum  of  2  inches.    Many  of  the  peb- 
bles flat 6 

(Uncoil  formity.) 

Cretaceous  (Patuxent  formation)  : 

Drab  clay  with  fine  white  sand  partings 3 

Good  exposures  stowing  the  Coharie  formation  resting  directly  upon 
basement  rocks  may  be  seen  in  eastern  Johnston  County,  especially  in 
railroad  cuts  in  the  vicinity  of  Kenly,  and  in  Nash  County,  especially 
in  railroad  cuts  in  the  vicinity  of  Xashville.  (See  Plate  XXI,  A,  oppo- 
site p.  278.) 

^  '  SUNDERLAND   FORMATION. 

Xaine. — The  name  Sunderland  is  derived  from  the  village  of  Sunder- 
land in  Calvert  County,  Md.,  and  was  proposed  as  a  formation  name 
by  Dr.  George  B.  Shattuck  in  1901.i 

Definition, — The  materials  of  this  formation  constitute  a  terrace  de- 
posit which  occupies  a  position  lower  than  that  of  the  above-described 
Coharie  formation.  The  area  covered  by  them  includes  portions  of 
Northampton,  Halifax,  ISTash,  Edgecombe,  Wilson,  Wayne,  Johnston, 
Duplin,  Sampson,  Cumberland,  Bladen,  Robeson,  and  Columbus  coun- 
ties. The  area  as  a  whole  forms  a  belt  varying  in  width  from  5  or  10 
miles  nea^  the  Virginia  line  to  more  than  30  miles  along  the  South 
Carolina  line.  The  belt  extends  into  South  Carolina,  but  its  limits 
there  have  not  been  even  approximately  determined.  (See  geologic 
map,  Plate  XIII,  in  pocket.) 

The  formation  is  limited  on  the  northwest  by  the  sea-facing  escarp- 
ment previously  described  as  determining  the  southeastern  border  of 
the  Coharie  formation.  On  the  southeast  the  Sunderland  belt  is  sepa- 
rated from  the  next  lower-lying  terrace  plain,  the  Wicomico,  by  an 
escarpment  more  or  less  well  defined.  This  escarpment  is  easily  trace- 
able on  the  Tarboro  and  Falkland  quadrangles.  Outside  of  these  quad- 
rangles its  position  is  known  in  most  places  only  approximately. 

Reentrants  from  the  next  lower  lying  or  Wicomico  terrace  plain  ex- 
tend-up  the  valleys  of  the  principal  streams  in  some  instances  entirely 
across  the  Sunderland  belt,  and  along  these  reentrants  the  Sunderland 
plain  is  separated  from  the  Wicomico  plain  by  well-defined  escarp- 
ments. 

The  Sunderland  formation  rests,  as  an  unconformable  terrace  cover- 
ing, upon  the  beds  of  various  older  Coastal   Plain  formations,  and. 


Uohns  Hopkins  University  Circular,  No.  152,  May-June,  1901,  pp.  69-75. 
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in  part,  upon  basement  rocks.  In  the  north,  in  Wilson,  Xash,  and 
Halifax  counties,  the  latter  relations  are  exhibited  along  the  "western 
edge  of  the  area.  In  this  same  region  the  remaining  part  of  the  area 
is  underlain  by  Miocene  bods.  From  the  Xeuse  River  Yallej  southward 
the  subjacent  materials  are,  for  the  most  part,  of  Cretaceous  age,  be- 
longing in  part  to  the  Patuxent  formation,  in  part  to  the  Black  Creek 
formation,  and  in  part  to  the  Peedee'  formation.  There  are,  how- 
ever, limited  areas  of  subjacent  Eocene  and  Miocene  beds.  The  up- 
])er  surface  of  the  formation  constitutes  a  nearly  level  plain  which 
slopes  from  an  elevation  of  about  110  feet  above  sea  level,  near  the  edge 
of  the  escarpment  which  forms  its  southeastern  boundary,  to  elevations 
of  from  140  to  150  feet  along  the  base  of  the  escarpment  separating  it 
from  the  Coharie  formation. 

Around  the  outer  edges  of  the  terrace  and  along  the  sides  of  the  val- 
leys crossing  it  this  plain  has  been  considerably  dissected  by  stream 
erosion,  but  the  inter  stream  areas  present  broad  stretches  of  nearly  level 
plain. 

What  has  been  said  regarding  the  lithologic  character  of  the  mate- 
rials of  the  Coharie  formation  will  apply  in  all  essential  respects  to 
those  of  the  Sunderland  formation,  except  that  the  sands,  loams,  and 
gravels  of  the  latter  are  perhaps  in  e^oneral  finer  than  those  of  the 
former. 

The  average  thickness  of  this  formation  is  also  believed  to  be  about 
the  same  as  that  of  the  Coharie  formation,  that  is,  20  or  25  feet, 
although  in  places  this  amount  is  probably  exceeded  by  a  number  of 

Detddlrd  S(\'iions. — Many  shallow  exposures  occur  throughout  the 
ar(;a  covered  by  the  Sunderland  terrace,  particularly  in  railroad  and 
road-cnts,  but  as  a  rule  the  incisions  are  not  deep  enough  to  reveal  the 
base  of  the  formation.  At  a  few  places,  however,  its  contact  with  un- 
derlying beds  lias  bec^n  observed.  An  exposure  in  which  this  relation  is 
clearly  sliown  occurs  in  a  road-cut  5  miles  south  of  Tlockv  Mount  and  1 
mile  east  of  the  Atlantic  Coast  Line  Railroad  track  in  Edgecombe 
County.    The  section  is  given  below : 

rflXTIOX  IX  UOAD-CIT  o  MILKS  Sr)rTH  OF  HOCIvY  MOUXT.  X.  C. 

Pleistocene  (Sunderland  formation)  :  Feet. 
Yellow,  coarsely  arenaceous  clay,  jrrjidinsj:  down  into  material  be- 
low     5 

Extremely  cojirse.  yellow  and  gray  arijillaceous  sand,  with  scat- 
tered, anirnlar.  quartz  pebbles  up  to  ^o  inch  in  dinincter,  the 
hitter  more  abundant  towards  base.     Contains,  also,  near  base, 

numerous  small  clay  balls  reworked  from  underlying^  clay 10 

(Unconformity.) 


and  Beonnmic  fuyi  it,  Vol.   Ill,      PLATE  XXl. 


—Exposure  of  the  Cohnrle  formation  reating 
d  basement  slate:  cut  of  the  Atlantic  Cuh 
li  Counly.  N.  C. 


XoTlh  CaroUua  atotooieal  ami  EcontHnic  Barrey.  Vol.  Ill,     PLATE  XXII. 


B. — Sunderland  terrace  plain. 
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Miocene:  Fekt. 

Yellow,  finely  laminated  clay 4 

On  Cape  Fear  River  the  Pleistocene  deposits  exposed  at  the  tops  of 
the  high  hluffs,  at  Prospect  Hall,  Court  House  Landing,  and  Walker's 
Bluff,  are  believed  to  represent  this  formation.  (See  pp.  116,  118,  121.) 
The  Pleistocene  materials  at  the  top  of  the  bluff  known  as  "The  Cliffs" 
on  Xeuse  River,  l^o  miles  above  Seven  Springs  in  Wayne  County,  also 
probably  belong  to  this  formation  (p.  134). 

WICOMICO    FORMATION. 

Xame. — The  name  Wicomico  is  derived  from  the  river  of  that  name 
in  Charles  and  St.  Marys  counties,  Maryland,  where  the  formation  is 
well  developed.    It  was  iirst  proposed  by  Dr.  G.  B.  Shattuck^  in  1901. 

Definition. — The  Wicomico  formation  has  been  traced  as  a  well- 
defined  terrace  from  Maryland,  where  it  was  first  differentiated  and 
named,  through  Virginia  and  Xorth  Carolina.  In  Xorth  Carolina  it 
appears  as  a  surficial  terrace  deposit  in  a  belt  lying  to  the  southeast  of 
that  of  the  Sunderland  formation  and  extending  from  the  Virginia  line 
to  the  South  Carolina  line.  But  little  is  known  of  the  southward  exten- 
sion of  the  foraiation  into  South  Carolina.  The  average  width  of  the 
terrace  in  Xorth  Carolina  is  between  2')  and  30  miles,  although  in 
places  it  is  somewhat  wider  and  eWwhere  narrower.  Reentrants  from 
the  formation  extend  up  the  valleys  of  all  the  principal  rivers  as  bor- 
dering terrace  deposits  several  miles  in  width,  in  places  entirely  across 
the  Sunderland  belt.  The  western  boundary  of  the  main  Wicomico 
belt  as  a  whole  is  formed  by  the  seaward-facing  escarpment  previously 
described  as  limiting  the  Sunderland  belt  on  the  southeast.  As  before 
stated,  this  escarpment  has  been  traced  in  detail  only  within  the  limits 
of  the  Falkland  and  Tarboro  quadrangles.  Elsewhere  its  position 
is  known  only  approximately,  and  in  all  probability  it  is  very  obscure 
at  many  places.  The  estuarine  extensions  which  border  the  rivers  are 
in  most  places  se])arated  from  the  higher  Sunderland  plain  by  sharply 
defined  escarpments.  On  the  southeast  the  Wicomico  terrace  is  limited 
by  an  ocean-facing  slope  or  escarpment  which  has  been  traced  with 
approximate  accuracy  on  the  Xew  Bern,  Vanceboro,  Chocowinity,  Wil- 
liamston,  Edenton,  and  Beckford  quadrangles.  In  places  it  is  well 
defined,  but  elsewhere  the  plain  grades  down  rather  gradually  into  the 
next  low^er  or  Chowan  Plain.  Outside  of  these  quadrangles  the  bound- 
ary has  been  traced  only  approximately.     Wide  reentrants  from  the 


Uohns  Hopkins  Univ.  Circular,  Xo.  152,  1901,  pp.  69-75;  also  Amer.  Geol.,  vol.  28,  1901, 
pp.  67-107. 
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Chowan  terrace  extend  up  the  river  vallevs,  in  plaees  almost  entirelr 
acrohH  the  Wicomico  belt.  These  estnarine  plains  are  in  most  places 
separated  from  the  Wieoiuico  plain  bv  well-defined  escarpments.  Xu- 
irieroTiA  clean-cut  sections  of  the  formation  are  exhibited  in  the  Un^ 
of  all  tlie  larger  stream^  where  they  crof?  the  area  of  its  occnrrenc*^. 
CSw*  gf'olfi(ric  map,  Plate  XI 11,  in  pocket,  i 

In  position  the  formation  rests  unconformably  upon  older  deposits 
of  the  Coastal  Plain.  Xorth  of  Xeuse  River  these  consist  for  the  most 
part  of  ifioeene  berl«,  but  in  part,  esfKi'Cially  beneath  the  estuarine 
exten-ionh,  of  Cretaceous  bfids.  South  of  Xeuse  River  it  rests  in  pan 
upon  Miocene,  in  part  upon  Eocene,  and  in  part  upon  Cretaceous  beds. 
Its  ufip^r  fiuriacxi  forms  a  terrace  plain  which  in  the  main  belt  dopes 
up  froifi  elevations  of  about  50  feet  along  the  southeast  edge  of  the 
area  to  about  90  or  100  feet  along  the  foot  of  the  seaward-facing 
evarjiifi^nt  which  s<;parates  it  from  the  plain  above.  The  reentrants 
whir-h  extend  up  the  river  valleys  slope  up  to  elevations  exceeding  100 
ffet  n\}*}\('  -oa  level  at  their  inland  ext remit ies. 

7'he  plain  has  lK*en  somewhat  dissected  by  stream  erosion,  more  espe- 
cially along  the  borders  of  the  valleys  and  along  the  escarpments,  but 
in  general  the  valley  incisions  are  much  shallower  than  in  the  case  of 
the  older  terrace  plains.  Broad,  level  stretches  exist  in  the  interstream 
areas,  and  some  of  these  form  extensive  areas  of  swamp  land,  locally 
termed  poeosons,  savannahs,  and  bays.^  The  larger  of  these  swamps 
are  An^^ola  Hay  in  Duplin  and  P**nder  counties.  Holly  Shelter  Swamp 
in  Pender  County,  Great  Dover  Swamp  in  Craven  and  Jones  counties, 
and  Wiiitr'oak.  Poeo.son  in  Jones  Count  v. 

In  litholope  ebaracter  the  formation  consists  of  sandy  clays,  sands 
and  ^'laveN,  reyeinbling  in  a  general  way  those  of  the  Coharie  and 
Smirl(  rlnnd  format  ions.  In  nearlv  all  sections  the  coarser  sands,  or 
snrids  and  ^ravel«<,  form  the  basal  beds,  and,  as  a  rule,  show  stratifica- 
tion and  ero-^.—bedding.  These  grade  upward  into  finer  sands  and 
«?indy  ejnys  of  uniform  texture.  Along  nearly  all  the  rivers  crossing  the 
belt  wbicli  liave  tbeir  source  inland  in  the  Piedmont  Plateau  region,  the 
r-xpo^nres  reveal  near  the  base  of  the  Wicomico  deposits  numerous  erratic 
bowMers  of  quartz  and  various  kinds  of  crystalline  rocks  which  are  in 

ipor'i/t'/n.  —A  tract  of  U-vf]  \vH  land  .'?upp')rtinB:  a  thick  Krowth  of  Kums.  gall  berries,  bay 
t>ush»'S  uri'l  irct'ii,  ari'l  r)tlu'r  bii'»h»'s,  tn»fs,  He,  which  preftT  a  wet  soil. 

Samnnnh.  -A  tract  of  1«'V»'I  land  having  a  wet  soil  except  rluring  periods  of  dry  weather, 
ami  Hiippf)rtinK  Kra^s  and  other  low  v«'K»'taiion,  with  but  a  scattered  growth  of  pine  or  other 
trci-q  and  hiish«*s,  so  that  a  horse  or  other  object  of  similar  size  may  be  seen  at  a  distance  of 
J  to  1  rniU*.     Soin»'titni'S  ai)plied  to  tracts  of  op»*n  prairie  land. 

Biy. — A  flat  or  slightly  depressed  tract  of  greater  or  less  extent,  with  either  wet  or  dry 
soil,  support inK  a  conspicuous  growth  of  bay  trees  and  bushes. 


North  Carolina  aeological  and  Economic  Surrep.  Voi.   Ill,      PLATE  XXIII. 


\.— Sunderland  terracp  plain,  Blreet  in  L.umberton,  Robeson  County,  N.  C. 


B. — Esposure  Hhowlng  the  Wicomico  formation  resting  unconformably  upon  Mio- 
cene stra.la.  Old  Sparta'Plnetopa  rood,   one  mile  south   of  Old  Sparta,   Edgecombe 
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some  instances  quite  large,  attaining  maximum  dimensions  of  4  or  5 
feet.  These  are  believed  to  have  been  transported  from  the  Piedmont 
region  by  floating  ice,  or  in  the  roots  of  floating  trees. 

The  thickness  of  the  formation  varies  from  10  to  30  feet,  or  perhaps 
in  rare  instances  amounting  to  as  much  as  40  feet  or  more.  The  aver- 
age probably  lies  between  20  and  25  feet. 

With  the  exception  of  fossils  which  have  been  reworked  from  older 
underlying  formations,  no  animal  remains  have  been  found  in  the  de- 
posits of  the  formation.  Fossil  leaves  have  been  found  at  one  locality 
near  Weldon  which  is  believed  to  represent  an  estuarine  phase  of  the 
formation. 

Detailed  Sections. — There  are  many  exposures  of  this  formation  in 
the  bluffs  of  the  larger  rivers  crossing  the  belt,  and  occasional  exposures 
along  smaller  streams  and  in  road  and  railroad  cuts.  In  almost  all 
cases  the  beds  form  the  upper  10,  15,  or  20  feet  of  the  section,  and  rest 
unconformably  upon  strata  of  pre-Pleistocene  age,  either  Tertiary  or 
Cretaceous.  A  few  localities  will  be  described  in  detail  on  following 
pages. 

As  above  noted,  fossil  leaves  were  obtained  near  Weldon.  The  local- 
ity is  1^4  miles  east  of  the  village,  a  short  distance  directly  east  of  the 
wagon  bridge  over  Roanoke  River  in  iN'orthampton  County.  From 
poor  exposures  the  following  section  was  prepared: 

SECTIOX  U  MILES  EAST  OF  WELDOX.  NORTHAMPTON  COUNTY,  N.  C. 

Pleistocene  (Wicomico  formation)  :  Feet. 

Mostly  concealed  by  vogetntlon,  but  in  part  yellow,  more  or  less 

sandy  clay  35 

Yellow,  pebbly,  argillaceous  sand 2 

Small  lens  of  yellow,  sticlvy  clay,  containing  well-preserved  prints 

of  leaves i/, 

Yellow,  very  coarse,  pebbly,  arkosic  sand.    The  pebbles  are  for  the 

most  part  only  partially  \Vater-worn 2V2 

The  following  list  is  furnished  by  E.  W.  Berry,  to  whom  the  fossil 
plants  from  the  above  locality  were  sent  for  identification  (sec,  also, 
Torreya,  vol.  9,  IS^o.  4,  April,  1909)  : 

Cercis  canadetisis  Linu6. 
Liriodeudron  tuUpefera  Llnne. 
Quercua  predigitata  Berry. 
Qnercus  sp. 

The  top  of  the  section  as  determined  by  aneroid  readings  is  about 
95  feet  above  sea  level,  and  the  base  is  about  20  feet  above  the  normal 
stage  of  water  in  Roanoke  River.    The  deposit  is  regarded  as  an  estua- 
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Pamlico  terrace  plain.  This  escarpment  enters  !JTorth  Carolina  from 
Virginia  in  the  eastern  part  of  Gates  County  (see  Beckford  and  Eden- 
ton  quadrangles),  and  runs  in  a  nearly  straight  line  a  little  west  of 
south  until  it  intercepts  the  coast  in  the  western  part  of  Carteret 
County.  Its  position  outside  of  the  areas  covered  by  topographic  maps 
is  known  only  approximately  for  the  greater  part  of  the  distance ;  how- 
ever, Mr.  B.  L.  Johnson  has  observed  the  escarpment  a  short  distance  to 
the  eastward  of  the  towns  of  Grantsboro  and  Arapahoe  in  Pamlico 
County.  Along  the  crest  of  this  escarpment  throughout  much  of  its  ex- 
tent are  accumulations  of  w^ind-blown  sand  in  the  form  of  narrow  ridges 
which  probably  originated  at  the  time  the  shore  line  stood  at  the  foot  of 
the  escarpment's  slope.  Reentrants  from  the  Pamlico  plain  extend  up 
the  river  valleys  for  many  miles  as  bordering  terraces.  In  many  places 
the  Chowan  plain  is  separated  from  these  estuarine  extensions  by  well- 
marked  escarpments.  Southward  of  Carteret  County  the  Chowan  plain 
extends  nearly  to  the  coast,  being  separated  from  the  shore  line  by  very 
narrow  strips  of  the  Pamlico  terrace.  The  Chowan  terrace  plain, 
together  w^ith  the  escarpment  separating  it  from  the  lower-lying  Pam- 
lico plain,  has  been  traced  northward  through  Virginia  into  Maryland. 

Xorth  of  iSTeuse  River  the  materials  of  the  Chowan  formation  rest 
for  the  most  part  upon  beds  of  Miocene  age.  The  estuarine  extensions, 
however,  occur  far  enough  to  the  west  to  lap  over  upon  Cretaceous 
beds.  To  the  south  of  Neuse  River  the  underlying  deposits  consist  of 
Pliocene,  Miocene,  Eocene,  and  Cretaceous  strata. 

The  surface  of  the  formation  forms  a  plain  which  slopes  up  from 
elevations  of  about  25  to  40  feet  above  sea  level  along  its  eastern  edge 
to  elevations  of  about  50  feet  along  the  foot  of  the  escarpment  separat- 
ing it  from  the  Wicomico  plain  above.  Where  it  passes  up  the  river 
valleys,  however,  it  probably  reaches  maximum  elevations  of  70  feet  at 
the  inland  extremities  of  the  extensions.  In  the  intcrstream  areas  the 
plain  presents  broad,  level  tracts  of  land  which  are  sw^ampy  in  many 
places.  Green  Swamp  in  Columbus  and  Brunswick  counties  is  believed 
to  form  a  part  of  this  plain.  Waccamaw  Lake  in  Columbus  County 
probably  occupies  a  shallow  depression  in  the  plain.  Around  the  edges 
the  plain  has  been  dissected  to  some  extent  by  stream  erosion  form- 
ing shallow  stream  incisions. 

The  materials  making  up  the  Chowan  formation  consist  of  sandy 
loams,  more  or  less  arenaceous  clays,  sands,  and  gravels.  As  in  the  case 
of  the  Pleistocene  formations  already  described,  the  coarser  materials 
occiir  at  the  base  and  grade  up  into  the  finer  sands  and  loams  at  the 
top.     In  general,  the  materials  are  finer  in  texture  than  those  of  the 
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^'*»;jr-^*,  ^rM-*-*^-**!*!'^!.  yt-IIvwi^L-br'-wn  and  blaofc  sar.«ls 2 

-r/  ff'>^    '  \pr:  fi.vri  ic:v..ft.  j  kile  aB"Ve  the  m  *vtu.  of  price  creek 

\^  f>   \fi'»f  T  J  Urrj.-  NOFtTH  'jF  -•.>l'THP«:'RT.  BRTNS WICK  COUNTY. 

/.i^'Lt  y^'\\f^\v,  jn»-<li»irii-?rainfHl  saE<l 2^-i 

l;jirk.  Hfu.fly  U»;ifii.  rosfrnlilins  an  oUl  s<>il u» 

///o***'.  Ii:rht  >*'llo\v  and  jrray  saLds r^i^ 

|/»<i«</»,  y^-llow.  rojtr.s^*-j?raiij^*d  sand 3 

\.\'j:\\\  srr?iy.  nn-narf-ous  claj%  mottled  with  pink  and  yellow 3 

I/io*"'.  li:rf»f,  Hli;rhfly  miracffous,  stratifi<^  sand,  streaked  and  mot- 
tle)   with   yfllow 10 

^  'on^'^'a  Iwl 7 
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A. — Exposure  of  the  Cdowin  rormatlon.  west  shore  of  Cape  Fear  River, 
about  two  mtles  nortti  of  Southport,  and  one.quarter  of  a  talle  above  the 
mouth  of  Price  Creek,  Brunswirk  Couaty.  N.  C, 


>::■«■--  J.y-^r-  ,;t---.v:i-„.-.  .  ,i-^!^n* 


e  Cuunty.  N.  C. 
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Feet. 

Bright  yellow  and  pink  clay % 

Dark,  bluish  or  drab,  sandy  clay,  becoming  more  sandy  toward 

base,  contains  impressions  of  fossil  shells 1 

Light,  coarse  sand,  mottled  with  yellow % 

Concealed  by  beach  sand 1^ 

Dark  to  black  clay  and  sand  containing  a  large  amount  of  brown 
lignite  in  the  form  of  twigs,  limbs  and  trunks,  etc.  This  layer 
exposed  only  at  low  tide 1 

At  one  locality  on  Weuse  River  which  is  questionably  referred  to  the 
Chowan  formation  a  large  accumulation  of  fossil  leaves,  nuts,  and 
other  plant  remains  has  been  preserved.  Collections  of  these  have  been 
studied  by  E.  W.  Berry.^  This  deposit  is  believed  to  have  been  formed 
near  the  head  of  an  estuary.  The  details  of  this  section  are  given 
below: 

SECTION  ON  NEUSE  RIVER.  79}  MILES  AB0\:E  NEW  BERN  AND  ABOUT  4i  MILES 

ABOVE  SEVEN  SPRINGS,  RIGHT  BANK. 

Pleistocene  (Chowan  formation?)  :  Feet. 

Clay  loam,  grading  down  into  sandy  loam 4 

Coarse  white  and  yellow  sand  with  gravel  layers  toward  base; 

some  bowlders  of  crystalline  rock  in  lower  portion 7 

Tough  blue  clay  with  interstratified  laminae  and  layers  up  to  2  or 
3  inches  in  thickness  consisting  of  masses  of  well-preserved 
leaves  with  some  lignitized  wood,  acorns,  hickory  nuts,  beech 
nuts,  etc 3 

The  section  is  formed  where  the  river  cuts  against  the  edge  of  a  very 
level  stream-bordering  terrace.  On  account  of  the  lack  of  topographic 
maps,  it  is  impossible  to  determine  with  certainty  the  proper  correla- 
tion of  this  deposit,  but  the  evidence  seems  to  favor  the  interpretation 
here  adopted. 

E.  W.  Berry  refers  to  the  above  locality  as  Station  850,  Xeuse  River. 
He  has  identified  the  following  forms : 

STATION  850,  NEUSE  RIVER. 

Pinus  rigida  Mill  (leaves).  Salix  sp..  No.  2  (leaves). 

Taxodium  distichum  (L.)  Rich  (foli-  Carpinus  caroliniana  Walt,  (leaves). 

age).  Betula  nigra  Linn6   (leaves). 

Bicaria  ovata  (Mill)  Britt  (leaves  Betula  pseudofontinalis  Berry  (leaves). 

and  nuts).  Fagtis  americana  Sweet  (leaves  and 
Hicoria  glabra  (Mill)  Britt  (leaves).        fruit). 

Hicoria  aquatica   (Michx.  f.)   Britt  Qucrcus  platanoides   (Lam.)    Sudw.? 

(leaves).  (leaves). 

Salix  sp.,  No.  1  (leaves).  Quercua  prinus  Linn6  (leaves). 
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Quvrcus  nigra  Liuii6  (leaves).  Ruhus  sp.  (twigs). 

Qurrvus  maryJamlka  Miiench?  Mains  pseudo-angusii folia  Berry 

(leaves).  (leaves). 

Qucrcua  paluatris  Du  Roi   (leaves).  Malus  q>rinanafolia  Berry  (leaves). 

Quercus  alhu  IAm\6  (leaves).  Crataegus  spathuiatoides  Berry 
Qucrms  lyrata  Walt,  (leaves).  (leaves). 

Quercus  phcllos  lAim^  (leaves  and  Crataegus  coccineafolia  Berry  ( leaves >. 

acorns).  Ilex  opaca  Ait.  (leaves). 

Qurrcus  michaujii  Niitt.  (leaves  and  Vitis  sp.  (tendrils). 

acorns).  Per  sea  puhesccns  (Pursh)  Sargent 
Qucrcux  prciUgitula  Berry  (leaves).  (leaves). 

Quercus  abnormalis  Berry  (leaves),  ygssa  hifiora  Walt,  (leaves). 

Quercus  sp.  (cnpulcs).  Xolisma  Ugustrina  (LlmiC)  Brltt. 
Quercus  sp.  ( leaves).  (leaves). 

Ihuus  alata  Michx.  (leaves).  Deudrium  pleistoceniaim  Berry 
Phincra  aquatica  (Walt.)  ?  (leaves).         (leaves). 

Liquidamhav  stiiraciflua  Linn(?  (leaves  Vaccinium  corymhosum  Liun6  (leaves). 

and  fruit).  Vaccinium  spatulata  "Berry  (leaves). 

PUttauus  orcidcutalis  Linn6   (leaves  Vaccinium  arhoreum  Miiri^ih.  (leaves), 
and  fruit). 

On  Tar  Eivt^r,  at  Dupree  Landing,  about  14  miles  above  Greenville, 
Falkland  quadrangle,  an  exposure  occurs  as  described  in  the  section 
given  below : 

SECTION  AT  Dl'PUEE  LANDING,  TAR  RIVER.  RIGHT  BANK. 

Pleistocene  (Chowan  formation)  :  Fkct. 

Sandy  loam  and  argillaceous  sand  with  pebbles  along  base 6 

Liffuite  be<l  consisting  of  a  mass  of  logs,  twigs,  leaves,  acorns, 
etc..  in  the  form  of  lignite.    Fills  a  depression  in  the  underlying 

I*atuxent  formation 0-3 

(Vnconformityj 

Loner  Cretaceous  (Patuxent  formation)  : 

Compact  sands  and  clays G 

From  the  lignite  bed  above  described  E.  W.  Berry  identified  cones  of 
Pinus  rigida  Mill,  and  acorns  of  Querciis  phellos  Linne. 

PAMLK  O    FORMATION. 

Xnific. — The  name  Pamlico  is  derived  from  Pamlico  Sound  in  east- 
ern Xorth  Carolina,  away  from  whose  shores  the  terrace  plain  forming 
tlic  surfaco  extends  as  broad,  nearly  level,  stretches  of  lowland.  The 
]ilaiii  is  also  ])r(»s(Mit  on  either  side  of  Pamlico  River  and  covers  the 
^neatcM'  ])art  of  Panilieo  County. 

DcfinlHon. — The  materials  of  this  formation  cover  all  of  that  part 
of  the  State  lying  to  the  east  of  the  escarpment  which  separates  it  from 
the   riioAvan   formation.     Reentrants  extend  for  many  miles  up   the 
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— BxpoHura  of  the  Pamlico 


mile  aoulheast  of  Rloliiirds  Station,  Fender  County,  N,  < 
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principal  river  valleys.  South  of  Carteret  County  the  Pamlico  forma- 
tion has  only  a  limited  development,  being  present  in  places  along  the 
coast  and  along  the  valley  sides  as  very  narrow  bordering  terraces.  (See 
geologic  map,  Plate  XIII,  in  pocket.) 

The  Pamlico  terrace  has  been  traced  northward  through  Virginia 
into  Maryland. 

The  character  and  age  of  the  strata  underlying  the  deposits  of  this 
formation  are  but  imperfectly  known.  It  is  certain,  however,  that  they 
are  in  part  of  Eocene,  in  part  of  Miocene,  and  in  part  of  Pliocene  age. 
It  is  certain,  also,  that  in  parts  of  the  area  beds  of  shell  marl  of  Pleisto- 
cene age  occur  at  shallow  depths  beneath  the  surface.  To  which  forma- 
tions of  the  Pleistocene  these  should  be  referred,  however,  has  not  been 
determined  with  certainty. 

The  upper  surface  of  the  Pamlico  beds  forms  a  low,  nearly  level, 
plain  whose  elevation  above  sea  level  nowhere  exceeds  25  feet.  Much 
the  greater  part  of  the  area  is  made  up  of  vast  tracts  of  swamp  land 
of  which  the  Great  Dismal  Swamp  which  extends  into  the  State  from 
Virginia  is  a  typical  example.  Several  lakes  occupy  shallow  depres- 
sions in  this  plain.  The  largest  of  these  is  Mattamuskeet  Lake  in  Hyde 
County.  Others  are  Alligator  Lake  in  the  same  county  and  Phelps 
and  Pungo  lakes  in  Washington  County. 

The  Pamlico  terrace  plain,  on  account  of  its  low  elevation  and  also 

on  account  of  the  relativelv  short  time  since  its  elevation  above  sea  level 

t/ 

as  compared  with  the  older  terrace  plains,  has  been  subjected  to  but  a 
slight  amount  of  stream  erosion.  It  is,  therefore,  preeminently  the  best 
preserved  of  the  several  Columbia  terrace  plains. 

The  materials  of  this  formation  consist  of  fine  sandy  loams,  sands 
and  clays,  and  to  a  limited  extent  of  gravels.  In  the  swamp  lands  the 
soils  consist  in  large  part  of  accumulations  of  peaty  matter,  which  are 
of  later  origin  than  the  main  body  of  the  deposits. 

The  thickness  of  the  deposits  is  slight,  the  beds  which  may  be  re- 
garded as  strictly  of  terrace  origin  probably  in  but  few  places  exceed- 
ing 15  or  20  feet. 

But  little  is  known  regarding  the  fossil  contents  of  the  deposits.  It 
is  certain  that  marine  shell  beds  of  Pleistocene  age  underlie  portions 
of  the  area.  It  is  possible  that  much  of  the  region  covered  by  the 
Pamlico  beds  was  under  water  during  parts  of  Pleistocene  time  pre- 
ceding the  deposition  of  the  Pamlico  material.  In  this  case  some  of  the 
Pleistocene  shell  beds  occurring  at  shallow  depths  beneath  the  surface 
are  in  all  probability  older  than  the  Pamlico  formation. 

Detailed  Sections. — A  good  exposure  showing  several  feet  of  sandy 
clay  overlain  by  1  foot  of  dark  to  black  soil  has  been  noted  by  B.  L. 
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Johnson  at  the  pier  of  the  Xorfolk  Southern  Railway  at  Oriental,  Pam- 
lico County.    (See  Plate  XXVI,  A,  opposite  p.  286.) 

Plant  remains  from  beds  supposed  to  be  from  this  formation  are 
known  at  two  localities.  One  of  these  is  on  Eoanoke  River,  8  miles 
above  Williamston  in  Bertie  County.  The  species  found  there  have 
been  listed  by  E.  W.  Berry .^     The  section  is  given  in  detail  as  follows : 

SECTION,  ROANOKE  RIVEU.  OLD  MILL  LANDING,  8  MILES  ABOVE  WILLIAMSTON. 

LEFT  BANK. 

Pleistocene  (Pamlico  fprmation)  :  Febt.Incbxs. 

Surface  loam  grading  down  into  gray  and  buff  sand,  con- 
taining small  pebbles  as  large  as  peas,  interstratified  with 

argillaceous  layers  10 

Layer  of  fine  gravel 8-10 

Concealed 3       G 

Layer  of  fine  gravel 1 

Cross-bedded,  gray  and  yellow  sand 1 

Bed  of  orange-colored  gravel  with  sand  matrix  slightly  indu- 
rated, the  pebbles  not  exceeding  2  inches  in  diameter G 

Gray  and  orange,  sandy,  arenaceous  clay,  grading  down  into 

tough,  drab  clay 5 

Dark,  micaceous  clay,  containing  plant  remains,  the  follow- 
ing of  which  have  been  identified :  Taxodium  distichum 
(Linn6)  Rich;  Hetula  nigra  Linn^;  Nyssa  biflora  Walt, 
and  Vaccifiimn  corymhoaum  Linn6 0-1 

The  other  locality  is  on  Neuse  River  10  or  12  miles  below  New  Bern, 
•m  the  southwest  bank,  where  Prof.  J.  A.  Holmes-  has  described  the 
occurrence  of  buried  cypress  stumps  (Taa'odlwn  distichum  (Linne) 
Rich.)  in  Quaternary  deposits. 

The  localities  previously  referred  to  where  marine  Pleistocene  fossils 
have  been  collected  will  be  mentioned  briefly  here,  since  they  occur 
geographically  within  the  area  covered  by  the  Pamlico  formation.  It 
is  possible,  however,  that  some  or  all  of  them  underlie  the  Pamlico 
beds  unconformably,  in  which  case  they  should  be  regarded  as  represent- 
ing one  of  the  older  divisions  of  the  Pleistocene. 

At  Old  Fort  Fisher,  near  the  southern  extremity  of  New  Hanover 
County,  a  bed  of  coquina  rock  consisting  almost  entirely  of  fragments 
of  shells,  with  a  few  nearly  perfect  ones,  is  exposed  along  the  beach. 
From  this  Dr.  T.  Wayland  Vaughan  has  collected  and  determined  the 
following  Pleistocene  forms:  Fulgur  carica,  Ostrea  virginica,  Vemis 
itiprccnnria,  TlaiKjia  nmcaia.     (See  Plate  XXVII,  A.) 

From  a  similar  Pleistocene  coquina  bed  1  mile  southeast  of  Carolina 
Beach  wharf  in  southern  !N"ew  Hanover  County,  Dr.  Vaughan  also  col- 


»Jour.  of  r,eol.,  vol.  15,  1907,  pp.  338-349. 

'Elisha  Mitchell  Sci.  Soc.  Jour..  1884-85.  pp.  92-93,  1885. 
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lected  and  determined  the  following  forms:  Area  ponderosa.  Area 
pexata,  Ostrea  virginica,  Venus  mercenaria,  Rangia  cuneata  and  Spisida 
solidissima. 

Well  borings  from  the  Pleistocene  portion  of  the  section  at  the  Quar- 
antine Station,  near  Southport,  furnished  the  following  mulluscan 
forma,  identified  by  E.  W.  Berry  (see  well  section,  p.  168)  : 


Memhranipora  sp. 

Echinoid  spines. 

Scutella  sp. 

Leda  acuta  (Conrad). 

Yoldia  liniatula  Say. 

Nucula  proxima  Say. 

Pecten  sp.  (young). 

Venus  sp.  Indet. 

Tellina  sp. 

Cumingia  tellinoides  (Conrad). 

Donax  sp. 

Ensis  direetus  (Conrad). 

Corhnla  contracta  Say, 

MuUnia  lateralis  Say. 

Mulinia  transversa  Say. 


Dentalium  sp. 

Polynices  duplicatus  (Say). 

Crepidula  fornicata  (Llmi6)   Lam. 

Crepidula  plana  Say. 

Turbonilla  interruptaf 

Turhonilla  retieulataf 

Scala  multistriata  Say. 

Nassa  trivittata  Say. 

Tornatina  canaliculata    (Say). 

Columhella  lunata  (Say). 

Crab  claws. 

Drillia  sp. 

Olypnostoma  sp. 

Balanns  crenatus  Brug. 


From  borings  obtained  from  the  upper  part  of  the  deep  well  at  Fort 
Caswell  the  following  forms  were  obtained: 


Teredo  sp. 

Sent  Vila  sp. 

Oslrca  cirgintea  lAuuO. 


Crepidula  fornieata  (Linn6)  Lam. 

Cardium  sp. 

fitirnen  rostata  (Linne)   Lam. 


In  1835  H.  B.  Croom^  described  a  fossil  locality  on  the  north  bank 
of  Neuse  River,  16  miles  below  New  Bern,  on  the  estate  of  Lucas  Ben- 
ners,  at  which  were  obtained  the  vertebrate  remains  of  a  large  number 
of  sea  and  land  animals  and  a  great  variety  of  sea  shells.  The  shell 
remains  from  this  locality  were  identified  and  listed  the  same  year  by 
T.  A.  Conrad.2  Of  sixty-seven  species  recognized,  five  were  new,  eight 
were  living  on  the  coasts  of  Florida  and  the  Gulf  of  Mexico,  and  the 
remainder  inhabited  the  coast  of  the  Middle  and  Southern  States.  He 
referred  the  deposit  to  the  "I^ewer  Pliocene.'' 

A  second  list  from  this  same  locality  was  given  by  Conrad^  in  1842. 
He  here  refers  the  deposit  to  the  post-Pliocene  or  the  upper  Tertiary 
formation.  The  large  percentage  of  recent  forms  enumerated  in  both 
lists  indicates  the  Pleistocene  age  of  the  bed. 


lAmer.  Jour.  Sci.,  vol.  27,  183o.  pp.  168-171. 
»Amer.  Jour.  Sci.,  vol.  28,  1835.  pp.  104-111. 
•Proc,  Nat'l  Inst.  Promotion  of  Science,  vol.  1,  pp.  171-194,  1842. 
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Small  unstudied  collections  of  Pleistocene  invertebrate  fossils  have 
been  obtained  in  the  vicinity  of  New  Bern,  Craven  County,  in  the 
vicinity  of  Belhaven,  Beaufort  County,  and  in  the  vicinity  of  Swan- 
quarter,  Hyde  County. 

In  1896  Lewis  Woolman^  listed  fossil  moUusks  and  diatoms  dredged 
from  the  Dismal  Swamp  Canal  in  Virginia  and  North  Carolina,  and 
concluded  that  the  beds  in  which  they  were  found  are  not  older  than 
the  latest  Pliocene  and  may  belong  to  the  Pleistocene.  In  1902  N.  H. 
Darton^  referred  these  deposits  to  the  Pliocene.  Recent  investigations 
in  the  region  have  led  to  the  conclusion  that  the  beds  should  be  referred 
to  the  Pleistocene. 

RECENT. 

The  recent  deposits  of  the  North  Carolina  Coastal  Plain  include  the 
following:  The  fluviatile  sands,  clays,  and  gravels  constituting  the 
present  flood  plains  of  the  streams;  the  alluvial  sands  and  clays  in 
process  of  deposition  in  lakes  and  ponds;  the  swamp  deposits  consisting 
of  sands,  muds,  peats,  etc.,  now  being  formed  both  in  the  upland  swamps 
and  in  those  bordering  lakes,  rivers,  estuaries,  and  sounds;  the  terrace 
deposits  now  being  formed  beneath  the  surface  of  the  water  about  the 
borders  of  estuaries  and  sounds  and  along  the  coast;  and,  lastly,  such 
subaerial  deposits  as  are  being  formed  on  the  surface,  including  talus 
materials,  alluvial  fans  at  the  base  of  valley  slopes,  and  wind-blowTi 
sands. 


»Acad.  Nat.  Sci.,  Phila.,  Proc,  1898,  pp.  414-424. 

•Geologic  Atlas  U.  S.,  folio  No,  80,  U.  S.  Geol.  Survey.  1902. 
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THE  GEOLOGICAL  HISTOEY  OF  THE  COASTAL  PLAIN  OF 

NORTH  CAROLrSTA. 


By  Wm.  Bullock  Clark,  Benjamin  L.  Milleb,  and  L.  W.  Stephenson. 


The  geological  history  of  the  North  Carolina  Coastal  Plain  embraces, 
as  far  as  we  have  knowledge,  that  portion  only  of  geological  time  cov- 
ered by  the  series  of  unconsolidated  sediments  represented  in  the  sub- 
aerial  and  submarine  divisions  of  that  district  and  already  described  in 
preceding  pages.  Whether  older  deposits  of  early  Mesozoic  or  late 
Paleozoic  age  were  ever  deposited  on  the  floor  of  crystalline  rocks 
throughout  any  part  of  the  present  Coastal  Plain  district  may  never  be 
known.  The  deep  wells  at  various  points  near  the  coastal  border  have 
never  revealed  such  strata,  and  it  may  be  that  this  broad  belt  stood 
above  sea  level  throughout  these  periods  of  geological  history. 

We  know  that  the  rocks  of  the  Piedmont  Plateau  on  which  the  de- 
posits of  the  Coastal  Plain  rest  had  been  extensively  folded,  faulted,  and 
intruded  by  igneous  rocks  of  varied  types  and  the  whole  mass  exten- 
sively metamorphosed  before  the  close  of  the  Paleozoic;  also,  that  dur- 
ing Triassic  time  the  Piedmont  Plateau  was  invaded  by  extensive 
bodies  of  water  which  were  probably  partly  or  perhaps  entirely  cut  oflP 
from  connection  with  the  open  sea.  These  basins,  produced  by  down- 
ward warping  of  the  land  surface  or  by  faulting  or  by  both,  were  then 
covered  by  extensive  sheets  of  arenaceous  and  argillaceous  sediments, 
with  here  and  there  interstratified  carbonaceous  beds  and  with  intru- 
sive and  extrusive  igneous  rocks.  Later  these  basins  were  elevated  and 
drained,  the  strata  faulted  and  the  greater  part  of  these  materials  then 
eroded  by  the  streams  that  developed  upon  the  surface,  the  debris  being 
carried  out  and  deposited  in  the  main  ocean.  Between  the  time  of  the 
disappearance  of  these  inland  bodies  of  water  and  the  beginning  of 
Coastal  Plain  sedimentation  another  long  period  must  have  elapsed 
which  probably  included  all  of  Jurassic  time. 

LOWER  CRETACEOUS. 

With  the  opening  of  Coastal  Plain  history  at  the  close  of  the  Jurassic 
or  at  the  beginning  of  Cretaceous  time  there  doubtless  existed  a  great 
peneplain  over  the  Piedmont  Plateau.  The  floor  on  which  the  sedi- 
ments of  the  Coastal  Plain  were  laid  down  consisted  of  a  great  com- 
plex of  crystalline  rocks,  some  of  undoubted  sedimentary  and  some  of 
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igneous  origin,  the  former  so  altered  as  to  no  longer  preserve  the  re- 
mains of  organisms  by  which  their  age  may  be  determined,  while  over- 
lying these  in  places  were  Triassic  sandstones,  shales,  conglomerates, 
and  igneous  rocks  in  the  district  to  the  west  of  the  present  Coastal  Plain. 

The  base-leveled  condition  of  this  Piedmont  region  at  the  opening 
of  the  Cretaceous  had  permitted  the  deep  decay  of  the  rocks  and  re- 
moval by  percolating  waters  of  a  large  part  of  their  more  soluble  con- 
stituents, as  a  result  of  which  the  remaining  less  easUy  soluble  quartz, 
kaolin,  and  mica  were  rendered  in  a  fit  condition  for  rapid  mechanical 
removal. 

The  large  content  of  silica  in  the  form  of  quartz  grains,  as  a  rule 
quite  angular,  which  probably  does  not  fall  below  25  per  cent  even  in 
the  purest  clays,^  the  usual  large  percentage  of  kaolin  grains  whose 
angularity  in  many  instances  shows  them  to  have  been  deposited  shortly 
after  their  removal  from  their  source  without  subsequent  reworking, 
and  the  common  occurrence  of  muscovite  mica  as  a  rule  fairly  clear 
and  giving  a  good  biaxial  figure,  indicates  that  the  source  of  the  oldest 
Coastal  Plain  materials  must  have  been,  at  least  in  large  part,  highly 
siliceous  crystalline  rocks. 

When  the  causes  inaugurating  Coastal  Plain  deposition  are  consid- 
ered it  is  evident  that  by  a  tilting  of  the  land  surface  to  the  southeast- 
ward the  Piedmont  border  was  submerged  and  the  region  to  the  north- 
west was  sufficiently  elevated  to  set  in  motion  the  erosive  forces  of  the 
streams,  which  immediately  began  to  entrench  themselves  and  to  trans- 
port the  products  of  the  disintegration  of  the  Piedmont  crystalline  rocks 
to  the  submerged  region  to  the  southeast.  Whether  this  submergence 
was  due  to  a  warping  which  produced  a  long  northeast-southwest 
troiifrh,  constituting  a  shallow  inland  sea  or  sound  more  or  less  com- 
pletely shut  off  from  the  main  open  sea  by  land  barriers  to  the  east,  or 
whether  it  was  a  shallow  sea  margin,  is  a  question  that  cannot  be  sat- 
isfactorily answered.  The  lithologic  nature  of  the  deposits  would  seem 
to  favor  the  former  view.  The  absence  of  marine  faunas  and  the 
presence  chiefly  of  reptilian  remains  and  fossil  leaves  would  seem  also 
to  strengthen  this  interpretation.  There  is  also  evidence  of  a  land 
barrier  of  some  kind  in  the  region  about  Wilmington  in  southeastern 
N'orth  Carolina  as  indicated  by  the  absence  there  of  beds  representing 
the  Patuxent  formation,  or  in  fact  any  sediments  of  the  Lower  Creta- 
ceous, for  a  deep-well  boring  showed  what  are  probably  Upper  Creta- 
ceous beds  resting  directly  upon  basal  granite  at  a  depth  of  1,109  feet. 


».See  Bull.  No.  13,  X.  C.  Geol.  Survey. 
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The  main  argument  in  favor  of  marginal  origin  is  the  great  linear 
extent  of  the  Lower  Cretaceous  terrane,  for  beds  supposed  to  be  of  this 
age  are  known  to  occur  from  Maryland  to  Alabama. 

Whatever  its  nature,  the  principal  streams  from  the  land  to  the 
northwest  discharged  their  load  of  detrital  matter  into  this  body  of 
water.  Near  the  shore  line  the  materials  laid  down  were  coarse  and  a 
high  degree  of  cross-bedding  was  produced  by  the  waves  or  in  the  deltas 
of  the  streams.  Strong  currents,  however,  swept  out  from  the  mouths 
of  the  principal  streams  to  considerable  distances  from  the  land,  and 
through  the  gradual  checking  of  their  velocities  dropped  their  load 
of  detrital  matter,  producing  more  or  less  homogeneous  layers  of  sand 
of  varying  thickness  in  which  cross-bedding  was  but  subordinately  de- 
veloped. The  fine  argillaceous  sediments  which  constitute  the  minor 
quantity  of  the  mass  were  laid  down  in  the  quieter  portions,  forming 
broad  clay  lenses.  The  alternating  layers  of  clay  and  sand  were  evi- 
dently produced  by  the  occasional  shifting  of  the  main  currents. 

Just  how  long  the  sedimentation  continued  is  not  known,  but  it  was 
finally  brought  to  a  close  by  an  elevation  of  the  region,  producing  a 
land  surface.  The  forces  of  erosion  became  active  and  probably  a  large 
part  of  the  sediments  were  removed  and  carried  farther  eastward  into 
the  main  ocean,  whose  western  shore  may  then  have  stood  to  the  east 
of  the  present  coast  line. 

The  interval  which  elapsed  between  the  deposition  of  these  oldest 
sediments  of  the  Coastal  Plain  and  the  inauguration  of  the  next  sub- 
mergence of  the  region  was  very  different,  apparently,  in  the  different 
portions  of  the  Coastal  Plain.  To  the  northward  through  Virginia 
and  Maryland  transgression  of  the  sea  again  took  place  before  the  close 
of  the  Lower  Cretaceous,  and  a  great  formation  known  as  the  Patapsco 
formation,  composed  largely  of  clay  and  still  containing  chiefly  plant 
remains,  was  deposited,  remnants  of  which  resting  on  the  crystalline 
rocks  may  be  found  as  far  north  as  Pennsylvania,  indicating  a  probably 
deeper  submergence  of  the  Piedmont  Plateau  in  that  direction  than 
during  the  earlier  epoch  of  the  Lower  Cretaceous.  "No  evidence  of  these 
deposits  has  been  found  in  Worth  Carolina  or  farther  southward,  and 
it  is  probable  that  this  southern  region  still  stood  above  sea  level. 

UPPPER  CRETACEOUS. 

With  the  advent  of  the  Upper  Cretaceous  the  entire  Coastal  Plain 
district  which  had  evidently  been  above  sea  level  at  the  close  of  the 
Lower  Cretaceous  was  now  depressed  throughout  its  entire  extent  from 
New  York  southward  to  the  Gulf.  The  transgression  of  the  sea  started 
somewhat  earlier  in  the  north  than  in  the  south,  as  the  presence  of  the 
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Baritan  formation  there  bears  evidence.  The  deposits  everywhere,  how- 
ever, rest  unconformably  on  the  underlying  Lower  Cretaceous  beds. 
With  the  progress  of  the  epoch  the  Magothy  and  Matawan  formations 
were  laid  down  in  the  north,  the  Black  Creek  formation  in  the  Caro- 
linas  and  much  of  the  Tuscaloosa,  the  Eutaw  and  evidently  certain 
beds  regarded  as  lower  Eipley  in  the  Gulf. 

The  materials  were  deposited  during  the  earlier  portion  of  the  epoch 
under  conditions  very  similar  to  those  which  had  prevailed  during  the 
Lower  Cretaceous.  Shallow  inland  basins  or  sounds  removed  from  the 
open  sea  bordered  the  coast.  Throughout  portions  of  the  district  coarse 
sediments  were  transported  and  deposited,  although  on  the  whole,  and 
especially  during  the  later  portions  of  this  epoch,  the  materials  were 
finer  and  gave  less  evidence  of  shallow-water  deposition.  The  sub- 
mergence at  this  time  probably  did  not  extend  as  far  inland  as  during 
the  Lower  Cretaceous  or,  if  it  did,  the  resulting  deposits  were  after- 
wards removed.  The  land  was  probably  not  as  high  as  it  had  been  ear- 
lier, the  streams  were  less  swift  and  evidently  bore  large  amounts  of 
vegetable  matter  to  the  sea,  as  the  trunks,  twigs,  leaves,  and  comminuted 
particles  of  land  plants  clearly  show.  With  the  upland  species  of  plant 
life  were  also  commingled  t^e  shore  forms  of  the  time,  as  has  been 
already  pointed  out  in  an  earlier  chapter. 

As  the  period  advanced,  important  physical  changes  took  place,  re- 
sulting in  deposits  which  in  their  nature  were  prophetic  of  the  coming 
conditions  favorable  to  the  production  of  purely  marine  sediments.  In 
the  upper  Black  Creek  beds  glauconite  is  present  in  the  sand  laminae 
and  lenses  and  in  places  true  greensand  beds  with  a  marine  fauna  art* 
present,  interstratified  with  the  more  typical  laminated  Black  Creek 
beds,  still  containing  a  land  flora.  If  the  assumption  of  a  land  barrier 
be  correct,  the  most  simple  explanation  for  these  changes  would  seem  to 
be  that  the  barrier  began  to  go  down,  perhaps  with  oscillations,  so  that 
for  a  while  marine  and  land-locked  conditions  alternated,  until,  finally 
becoming  entirely  submerged,  widespread  marine  conditions  prevailed. 

The  conditions  during  this  epoch  differed  somewhat  in  other  portions 
of  the  Coastal  Plain  both  to  the  north  and  south  of  Xorth  Carolina.  To 
the  north  in  Xew  »Iersey  the  marine  conditions  began  earlier  in  Upper 
Cretaceous  time,  a  few  marine  forms  having  already  been  found  in  the 
Earitan.  With  the  coming  of  Magothy  deposition,  however,  alternating 
marine  bods  become  frequent,  while  in  the  Matawan  only  marine  sedi- 
ments have  been  found.  Farther  to  the  southward  in  South  Jersev, 
Delaware,  and  Maryland  the  Earitan  and  the  Magothy  afford  no  marine 
fossils,  the  latter  first  appearing  in  the  Matawan.  The  similarity  of 
the  Magothy  and  Matawan  faunas  in  the  northern  region  with  those  of 
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the  Black  Creek  in  North  Carolina  has  been  already  pointed  out.  It  is 
evident,  therefore,  that  open-sea  conditions  prevailed  much  more  widely 
in  the  far  north  and  gradually  became  less  pronounced  southward.  It  is 
possible  that  the  same  conditions  in  the  reverse  order  occurred  to  the 
southward  of  North  Carolina  toward  the  Gulf,  where  the  intercalated 
marine  sediments  of  the  Eutaw  succeed  the  Tuscaloosa.  The  close  of 
this  epoch  saw  the  establishment  of  marine  conditions  throughout  the 
Atlantic  and  Gulf  borders.  The  barriers,  whatever  they  were,  had 
largely  disappeared  and  the  open  sea  probably  covered  the  greater  part 
of  the  Coastal  Plain. 

The  remainder  of  the  Upper  Cretaceous  period  is  everywhere  charac- 
terized by  marine  sedimentation  in  which  greensand  marls  predominate. 
Micaceous  sands  and  clays  also  occur  interst ratified  with  the  greensands, 
while  shells  of  various  marine  organisms  are  at  times  present  in  such 
large  quantities  as  to  form  beds  rich  in  calcareous  matter.  The  de- 
posits are  distinctly  infralittoral  in  character,  while  the  widespread 
presence  of  greensand  shows  that  the  area  of  deposition  received  its 
sediments  slowly  from  the  adjacent  land.  To-day  greensand  is  found 
at  some  distance  from  the  coast,  where  land-derived  materials  are  de- 
posited in  small  amounts.  The  conditions  necessary  for  the  production 
of  greensand  may  have  existed  in  Upper  Cretaceous  time  nearer  the 
coast  if  the  adjacent  land  was  low  and  the  streams  transported  little 
sediment  into  the  sea,  as  seems  probable. 

This  epoch  of  Upper  Cretaceous  time  represented  along  the  South 
Atlantic  coast  by  the  Peedee  beds  of  North  and  South  Carolina,  and  by 
the  greater  portion  of  the  Eipley  formation  in  the  Gulf  border,  saw  the 
deposition  of  the  Monmouth  and  Eancocas  formations  in  Maryland, 
Delaware,  and  New  Jersey,  while  in  the  latter  State  still  more  recent 
Cretaceous  deposits  appear  in  the  Manasquan,  which  evidently  repre- 
sent the  closing  epoch  of  Upper  Cretaceous  time.  To  the  southward 
elevation  of  the  Coastal  Plain  began  earlier  as  depression  had  started 
later,  so  that  we  have  a  much  longer  record  of  Cretaceous  sedimentation 
in   Maryland,  Delaware,   and   New  Jersey  than   elsewhere   along  the 

Atlantic  border. 

EOCENE. 

The  opening  of  Eocene  time  in  the  northern  portions  of  the  Coastal 
Plain  found  little  change,  as  the  oldest  Eocene  deposits  of  New  Jersey 
(Shark  River  formation)  apparently  overlie  the  latest  Cretaceous  beds 
(Manasquan  formation)  conformably  and  are  similar  to  them  in  being 
highly  glauconitic.  Depression  extended  gradually  southward  as  Eocene 
time  advanced,  for  in  Maryland  we  have  glauconitic  strata  of  a  later 
epoch  of  the  Eocene,  known  as  the  Aquia  and  Nanjemoy  formations. 
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lying  unconformably  upon  the  Cretaceous  deposits.  From  Alabama  to 
Texas  deposition  likewise  went  on  during  these  earlier  epochs  of  the 
Eocene,  for  deposits  of  that  time  are  found  overlying  the  Cretaceous 
strata  throughout  the  Gulf  region.  In  North  Carolina,  however,  there 
is  no  indication  of  sedimentation  during  this  time,  although  the  deep 
cover  of  Miocene  deposits  over  the  northern  part  of  North  Carolina 
and  the  southern  part  of  Virginia  make  it  difficult  to  determine  the 
southern  extension  of  the  northern  Eocene.  It  has  never  been  recog- 
nized at  the  surface  or  in  well  borings,  however,  within  the  limits  of 
North  Carolina.  If  such  deposition  occurred  the  deposits  were  subse- 
quently removed  throughout  the  subaerial  portion  of  the  Coastal  Plain. 
The  depression,  however,  of  the  late  Eocene  involved  the  region  to  the 
south  of  the  Hatteras  axis.  This  submergence  evidently  came  from  the 
southward,  for  the  region  to  the  north  of  Cape  Hatteras. shows  no  trace 
of  strata  of  this  epoch,  while  southward  to  the  Gulf  late  Eocene  deposits 
are  widely  found.  The  submergence  throughout  the  southern  part  of 
North  Carolina  was  extensive,  the  sea  transgressing  the  former  land 
surface  as  far  inland  as  Wake  and  Harnett  counties  and  as  far  north- 
ward as  the  valley  of  the  Neuse  River.  The  deposits  of  this  epoch,  rep- 
resented by  the  Trent  formation,  are  not  found  continuously  over  this 
area,  although  it  is  probable  that  the  sea  extended  over  the  entire  south- 
ern part  of  the  State  and  perhaps  had  a  much  wider  distribution  than  is 
indicated  now  by  the  remaining  deposits,  which  have  evidently  suffered 
greatly  from  erosion. 

The  deposits  show  that  the  sea  of  the  time  was  a  favorable  abode  for 
marine  life.  Extensive  deposits  of  molluscan  and  bryozoan  shells  are 
found  wherever  the  formation  has  been  observed.  The  water  was  proba- 
bly shallow,  as  is  indicated  by  the  occasional  coarse  pebbles  that  are 
found  within  the  deposits,  materials  that  w^ere  evidently  derived  from  the 
underlying  Cretaceous  or  from  the  crystalline  rocks.  During  this  sub- 
mergence the  ocean  transgressed  the  Cretaceous  sediments  and  in  the 
western  part  of  the  region  covered  the  crystalline  rocks  which  had  per- 
haps remained  above  the  water  during  much  of  the  Paleozoic  and  all 
of  the  Mesozoic  eras. 

During  the  Trent  submergence  the  adjoining  region  was  evidently 
low  and  the  streams  that  entered  the  ocean  from  the  land  brought  very 
little  terrigenous  material,  deposition  consisting  largely  of  calcareous 
mud  in  which  vast  quantities  of  molluscan  shells  were  imbedded. 

After  the  deposition  of  the  Trent  formation  there  was  an  uplift  of 
the  region  and  erosion  succeeded  sedimentation.  How  long  this  period 
of  erosion  persisted  we  cannot  tell,  but  it  was  long  enough  for  the  com- 
plete removal  of  the  Trent  deposits  over  wide  areas. 
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The  Castle  Hayne  formation  that  follows  rests  unconformably  upon 
the  Trent  formation  as  well  as  upon  the  Cretaceous  deposits.  It  was 
probably  formed  during  a  gradual  submergence  which  permitted  the 
ocean  water  .to  again  encroach  upon  the  land,  and  the  advancing  waves, 
acting  upon  the  loose  sediments  of  previous  periods,  were  able  to  accom- 
plish considerable  destruction.  At  the  base  of  the  Castle  Hayne  forma- 
tion many  Cretaceous  fossils  are  found  that  were  evidently  torn  from 
their  original  position  and  redeposited  by  the  waves  of  the  Castle 
Hayne  epoch.  Conditions  similar  to  those  that  prevailed  during  the 
Trent  epoch  continued  and  deposits  of  calcareous  mud  containing  many 
bryozoan  and  moUuscan  shells  were  formed.  There  is  an  almost  com- 
plete absence  of  any  land-derived  materials.  During  this  period  sharks 
must  have  lived  in  great  numbers,  as  is  shown  by  the  large  quantities 
of  sharks'  teeth  found  in  the  deposits.  Echinoids  were  likewise  very 
abundant,  while  one  species  of  brachiopod,  Terehratula  wilmingtonevr 
sis,  is  found  represented  by  innumerable  specimens. 

So  far  as  we  can  determine  by  the  present  distribution  of  the  Castle 
Hayne  formation,  this  later  Eocene  submergence  did  not  extend  over  a 
wide  area.  The  deposits  are  found  in  the  extreme  southeastern  coun- 
ties of  the  State,  although  it  is  not  improbable  that  the  sedimentation 
extended  over  a  larger  area  and  that  the  deposits  have  since  been  re- 
moved by  erosion. 

The  Castle  Hayne  period  was  terminated  by  an  elevation  of  the 
region  that  again  caused  erosion  to  succeed  sedimentation.  This  next 
erosion  interval  was  probably  of  long  duration,  for  during  this  time  in 
South  Carolina,  Georgia  and  the  Gulf  States  extensive  deposits  of  Oligo- 
cene  strata  were  formed.  In  North  Carolina  the  Oligocene  seems  to  be 
wanting,  although,  perhaps,  the  Castle  Hayne  formation  may  eventually 
be  referred  to  that  period.  The  northern  Coastal  Plain  likewise  was 
evidently  a  land  area,  since  Oligocene  deposits  have  never  been  recog- 
nized in  this  region. 

MIOCENE. 

The  advent  of  the  Miocene  period  witnessed  a  depression  of  the 
Coastal  Plain  area  along  the  Atlantic  border.  During  the  earlier  epochs 
this  was  confined  to  the  regions  to  the  south  and  to  the  north  of  North 
Carolina.  In  Florida  it  was  most  pronounced,  but  it  also  affected  the 
northern  Coastal  Plain  district  in  New  Jersey,  Delaware,  Maryland 
and  northern  Virginia.  This  northern  Miocene  depression  represented 
by  the  Calvert  and  Choptank  formations  in  the  Chesapeake  Bay  region 
gradually  extended  southward  until  during  the  time  that  the  St.  Marys 
formation  was  being  laid  down  in  Maryland  and  Virginia  the  northern 
part  of  North  Carolina  also  became  involved  and  an  extensive  cover  of 
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these  deposits  is  found  reaching  quite  to  the  border  of  the  Piedmont 
Plateau  throughout  the  region  to  the  north  of  the  Hatteras  axis,  ex- 
tending as  far  south  as  the  Neuse  River  and  burying  from  view  the 
older  formations  of  the  Coastal  Plain.  The  transgression  was  evi- 
dently gradual,  for  the  St.  Marys  deposits  are  found  in  Virginia  and 
Maryland  conformable  to  the  earlier  strata,  and  it  is  possible  that  these 
older  beds  exist  beneath  the  St.  Marys  formation  in  Xorth  Carolina  to 
the  east  of  the  area  of  outcrop. 

Following  the  St.  Marys  epoch,  deposition  continued  to  the  north  of 
the  Hatteras  axis  and  was  also  inaugurated  to  the  south  of  the  same.  A 
slight  unconformity  is  found  between  the  St.  Marys  and  the  later  de- 
posits known  as  the  Yorktown  formation,  although  the  erosion  interval, 
if  such  existed,  was  of  short  duration.  To  the  south  of  the  Hatteras 
axis  the  deposits  of  this  epoch,  known  as  the  Duplin  formation,  rest 
everywhere  unconformably  on  pre-Miocene  deposits.  Deposition  was 
evidently  widespread,  although  the  deposits  were  extensively  eroded 
prior  to  the  Pleistocene. 

The  St.  Marys  deposits  are  mainly  bluish-green  argillaceous  sands 
that  are  crowded  with  moUuscan  shells  in  places  and  in  the  marginal 
deposits  contain  many  large  pebbles  derived  from  the  underlying  Creta- 
ceous  rocks  and  which  were  doubtless  broken  from  them  by  the  force  of 
the  advancing  waves.  During  the  St.  Marys  submergence  the  adjoin- 
ing region  must  have  been  relatively  low,  for  the  streams  from  the  land 
seem  to  have  had  little  carrying  power,  since  the  sediments  were  mainly 
composed  of  small  particles  such  as  are  carried  by  streams  of  moderate 
velocity. 

The  Yorktown  and  Duplin  formations  consist  largely  of  fragmental 
molluscan  shells  in  a  matrix  of  medium  fine  quartz  sand,  although 
entire  shells  are  numerous  in  many  places.  In  some  localities  the  frag- 
mental character  of  the  shells  is  especially  noticeable  and  the  beds  re- 
semble closely  the  shell  deposits  now  accumulating  in  the  vicinity  of 
the  beach  in  some  of  the  coral  islands  of  the  West  Indies.  The  waves 
were  evidently  responsible  for  the  breaking  of  the  shells  which  were 
deposited  either  on  the  shore  or  in  shallow  water  in  the  vicinity  of  the 
land.  The  moderate  thickness  of  the  Yorktown  and  Duplin  deposits 
would  indicate  a  brief  period  of  sedimentation.  The  submergence  was 
terminated  by  an  uplift  which  again  brought  the  entire  State  above 
the  level  of  the  water.  The  uplift  seems  to  have  been  suiBcient  to  per- 
mit erosion  to  become  active,  the  streams  from  the  land  soon  removing 
in  southern  Worth  Carolina  the  Duplin  deposits  over  wide  areas  and 
leaving  only  those  that  were  far  from  the  streams  or  were  protected  by 
their  position  in  depressions  in  the  former  land  surface. 
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PLIOCENE. 


The  opening  of  the  Pliocene  period  found  the  greater  portion  of  the 
Coastal  Plain  above  sea  level.  The  region  to  the  .north  of  the  Hatteras 
axis  throughout  the  northern  Coastal  Plain  was  evidently  not  depressed 
during  this  time.  No  marine  deposits  have  been  with  certainty  recog- 
nized in  this  region.  The  southeastern  part  of  North  Carolina  was, 
h^owever,  submerged  in  conjunction  with  extensive  areas  to  the  south- 
ward. The  transgression  of  the  sea  covered  a  considerable  region  in 
North  Carolina,  although  far  less  extensive  than  in  the  preceding  Mio- 
cene period.  The  deposits  constituting  the  Waccamaw  formation  are 
to-day  found  in  isolated  areas,  but  may  have  been  and  probably  were 
continuous  when  laid  down.  The  sediments  derived  both  from  the  ad- 
jacent land  and  the  underlying  formations  gave  rise  to  strata  consisting 
of  sand  and  clay,  inclosed  in  which  are  numerous  fossil  shells,  so  numer- 
ous in  certain  places  that  layers  composed  almost  exclusively  of  them 
are  found.  The  strata  occurring  at  NeilFs  Eddy  Landing  illustrate 
this  character  of  deposition. 

Before  the  close  of  the  Pliocene  the  land  had  probably  been  exten- 
sively denuded  and  the  resulting  materials  carried  far  to  the  east- 
ward. With  the  slackening  of  the  currents  of  the  Piedmont  streams  and 
the  reduction  of  their  transporting  power  the  crystalline  rocks  gradu- 
ally decayed  and  a  deep  cover  of  disintegrated  rock  blanketed  the  east- 
em  Piedmont  belt.  Toward  the  close  of  the  Pliocene  period  or  possibly 
not  until  the  opening  of  the  Pleistocene  there  was  a  tilting  of  the  land 
mass  eastward  and  southward,  resulting  in  the  submergence  of  the 
Coastal  Plain  to  the  eastern  border  of  the  Piedmont  Plateau,  with  a 
corresponding  elevation,  although  perhaps  not  as  great,  to  the  west- 
ward. This  change  in  the  attitude  of  the  Atlantic  border  region  was 
accompanied  with  a  submergence  of  the  lowlands  and  valleys  far  within 
the  confines  of  the  Piedmont,  as  remnants  of  gravel  deposits  of  this 
epoch  are  found  at  different  points  along  the  Atlantic  border  overlying 
the  crystalline  rocks  more  than  50  miles  to  the  west  of  the  Coastal 
Plaifi.  The  tilting  of  the  region  elevated  the  headwaters  of  the  streams 
and  brought  about  a  revival  of  erosion  and  transportation,  the  detritus 
from  the  decayed  rocks  being  strewn  over  the  sea  floor  for  the  most  part 
adjacent  to  the  coast,  where  wave  action,  together  with  undertow,  aided 
in  forming  the  terrace  mantle  which  enwrapped  the  eastern  Piedmont 
belt,  following  its  inequalities  and  extending  in  places  far  up  the  stream 
channels.  This  revival  of  the  streams,  accompanied  by  rapid  sedimen- 
tation, resulted  in  the  accumulation  of  only  partially  sorted  deposits, 
coarse  and  fine  materials  being  intermingled,  with  frequent  evidences 
of  cross-bedding. 


300  THE    COASTAL    PLAIN    OF   NORTH    CABOLINA. 

The  depression  of  the  Piedmont  border  during  this  epoch  was  at  least 
500  feet,  since  that  difference  in  elevation  is  found  between  the  earlier 
and  later  Pliocene  deposits.  To  the  northward  the  elevation  may  have 
been  much  greater,  since  marine  Pliocene  deposits  have  not  there  been 
recognized  within  the  subaerial  division  of  the  Coastal  Plain.  To  the 
formation  produced  during  this  epoch  the  name  of  Lafayette  has  been 
given  throughout  the  Gulf,  where  the  name  was  first  used,  as  well  as 
along  the  Atlantic  border  where  similar  deposits  have  been  found  as  far 
north  as  the  highland  bordering  the  valley  of  the  Delaware  in  eastern 
Pennsylvania.  No  fossils  of  any  significance  have  thus  far  been  found 
in  the  deposits,  so  that  the  age  of  the  strata  must  remain  in  doubt, 
although  most  geologists  have  regarded  the  Lafayette  formation  of 
Pliocene  age,  probably  representing  its  closing  epoch. 

After  the  close  of  Lafayette  deposition  the  land  was  again  raised 
above  sea  level  and  subjected  to  extensive  erosion.  The  streams  of  the 
eastern  Piedmont  have  been  shown  already  to  have  superimposed 
courses,  and  these  are  doubtless  due  to  the  cover  of  Lafayette  deposits 
over  much  of  this  area.  The  relatively  long  period  of  erosion  which 
followed  compared  with  later  time  caused  the  opening  up  of  the  chan- 
nels across  the  Coastal  Plain  in  much  the  same  position  and  form  as 
they  exist  to-day,  although  they  did  not  receive  their  full  strength  or 
final  touches  until  the  close  of  the  Pleistocene. 

Many  writers  have  referred  to  the  anomalous  courses  pursued  by 
some  of  the  larger  streams  of  the  district.  Shattuck  in  reviewing  this 
subject  in  connection  with  a  study  of  the  Coastal  Plain  drainage  of 
Maryland,  says : 

"The  anomalous  course  pursued  by  the  Susquehanua  after  leaving  the 
Piedmont,  in  turning  south  along  the  western  margin  of  the  Coastal  Plain 
instead  of  continuing  a  direct  course  to  the  ocean,  has  arrested  the  attention 
of  many  geologists  who  have  worlsed  in  this  region.  McGee  thought  this 
curious  feature  was  to  be  explained  by  deformation  along  the  *fall  line';  but 
Dart  on  has  suggested  a  more  plausible  cause.  He  believed  that  a  submarine 
bar  was  built  by  the  Lafayette  approximately  in  the  position  now  occupied 
by  tlie  Eastern  Shore,  and  that  a  depression  existed  between  this  bar  and  the 
mainland.  When  the  post-Lafayette  uplift  took  place,  this  depression  was 
chnngHl  to  a  slough,  and  down  this  trough  the  Susquehanna  found  its  way. 
A  similar  state  of  affairs  now  exists  off  the  coast  of  the  Carolinas,  where  a 
jrreat  barrier  beach  cuts  off  the  rivers  from  direct  contact  with  the  ocean. 
If  this  const  were  to  be  lifted,  Roanoke  River  would  be  deflected  southward 
along  the  coast  and  follow  the  depression  of  Albemarle  and  Croatan  sounds 
until  a  convenient  opening  could  be  found  through  the  obstruction  to  the 
ocean  beyond.  It  is  probable  that  the  channel  of  Chesapeake  Bay  was  not 
so  i)r()nounced  during  the  post-Lafayette  uplift  as  later,  when  the  subsequent 
formations  had  an  opportunity  to  widen  and  lengthen  this  barrier  first  out- 
lined by  the  Lafayette  sea." 
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Some  of  the  larger  river  channels  of  this  period  can  be  traced  across 
the  submarine  division  of  the  Coastal  Plain  toward  the  continental 
shelf.  Whether  these  submerged  drainage  lines  were  wholly  formed  at 
the  close  of  Lafayette  time  may  be  questioned.  It  is  quite  possible  that 
the  larger  depressions  may  have  already  been  outlined  during  earlier 
Tertiary  epochs.  This  period  of  denudation  was  accompanied  by  ex- 
tensive removal  of  Lafayette  sediments.  To  the  east  of  the  thicker  ter- 
race accumulations  they  were  apparently  removed  entirely,  since  no 
remnants  of  the  Lafayette  formation  have  been  with  certainty  recog- 
nized beneath  the  Pleistocene  cover  except  in  proximity  to  the  coastal 
margin  of  the  Sunderland  formation. 

PLEISTOCENE. 

With  the  advent  of  the  Pleistocene  period  the  land  was  again  de- 
pressed, although  not  as  deeply  as  during  the  Lafayette  epoch.  The 
ancient  valleys  were  submerged  and  the  sea  gradually  transgressed  the 
interstream  areas,  removing  and  reasserting  as  a  result  of  marine 
planation  such  remnants  of  the  Lafayette  as  may  have  been  left  through- 
out this  district.  Depression  at  this  time  carried  the  sea  from  200  to 
300  feet  above  the  present  ocean  level  and  a  fringing  terrace  was  formed 
against  the  Lafayette  and  older  deposits.  It  can  be  traced  to-day  up 
the  post-Lafayette  valleys  where  it  finally  merges  into  the  flu  via  tile 
deposits  of  the  upper  courses  of  the  streams.  It  enwraps  the  unsub- 
merged  portions  of  the  pre-Lafayette  Coastal  Plain  as  well  as  the 
marginal  portions  of  the  Piedmont,  just  as  the  Lafayette  terrace  had 
enwrapped  the  still  higher  elevations  during  the  preceding  epoch. 

The  materials  forming  the  earlier  and  highest  terrace,  known  as  the 
Sunderland  throughout  the  middle  and  northern  Coastal  Plain,  were 
evidently  derived  in  part  from  reworked  deposits  of  the  Coastal  Plain, 
and  were  also  in  part  brought  down  by  the  Piedmont  streams.  Deposi- 
tion was  rapid,  since  the  deposits  attained  only  a  moderate  thickness 
and  are  generally  poorly  sorted,  cross-bedding  being  everywhere  present. 

To  the  north  of  the  Ha tt eras  axis  the  sea  evidently  stood  throughout 
this  epoch  at  essentially  the  same  elevation,  but  in  southern  Xorth  Caro- 
lina to  the  south  of  the  Hatteras  axis  a  subordinate  change  in  elevation 
took  place  before  the  close  of  the  epoch,  producing  two  terraces  which 
have  been  already  described  as  the  Coharie  and  the  Sunderland.  It 
seems  probable  that  these  conditions  will  be  found  extending  still 
farther  to  the  southward  when  that  region  has  been  more  fully  studied. 

With  the  close  of  the  Sunderland  epoch  elevation  doubtless  again 
took  place  throughout  the  Coastal  Plain.  Whether  this  elevation  car- 
ried the  submarine  division  of  the  Coastal  Plain  above  the  level  of  the 
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sea  or  not  cannot  be  with  certainty  determined.  It  is  significant,  how- 
ever,  tliat  deposits  of  Sunderland  age  hare  nerer  heea  observed  beneath 
the  cover  of  later  Pleistocene  deposits  thnraghoitt  the  eastern  portion 
of  the  Coastal  Plain  district.  Furthermore,  there  are  nnmerous  in- 
stances where  vallejs  of  Sunderland  time  have  been  buried  by  the  ma- 
terials of  the  next  lower  or  Wicomico  terrace.  Every  gradation  is 
found  from  tineroded  vallevs  to  those  in  which  the  later  materials  have 
been  swept  out  and  the  older  valley  lines  widened  and  extended  at  the 
headwaters  by  renewed  erosion.  Again,  many  instances  are  found 
where  the  Wicomico  sea,  during  the  formation  of  the  Wicomico  ter- 
race, reduced  ^he  headlands  formed  of  Sunderland  and  earlier  deposits. 
This  reduction  in  the  more  diversified  outline  may  well  have  been  pro- 
duced by  the  advance  of  a  sea  over  the  region,  although  neither  this 
nor  the  preceding  effects  would  necessarily  demand  extensive  sub- 
mergence. 

The  Wicomico  terrace  encircles  the  Sunderland  terrace  wherever 
observed  at  an  elevation  of  about  100  feet  along  its  landward  margin 
and  represents  the  position  at  which  the  sea  stood  during  the  Wicomico 
epoch.  It?  level-topped  character  i<  more  pronounced  than  that  of  the 
preceding  Sunderland  terrace,  since  it  has  been  less  affected  by  denuda- 
tion. The  materials,  together  with  their  internal  structure,  suggest  the 
same  conditions  of  formation  as  those  of  the  preceding  epochs.  This 
terrace  or  its  equivalenrs  have  been  traced  from  the  northern  Coastal 
Plain  across  Maryland  and  Virginia  and  thence  across  North  Carolina, 
with  the  change*  noted,  to  the  South  Carolina  border. 

Similar  conditions  evidentlv  closed  the  Wicomico  and  ushered  in  the 
building  of  the  Chowan-Pamlico  (Talbot)  terraces.  At  some  points 
the  remnants  of  Wicomico  materials  have  been  found  beneath  those  of 
Talbot  age,  and  it  seems  clear  that  the  post-Wicomico  elevation  was  not 
of  sufficient  extent  for  the  removal  of  the  Wicomico  sediments  over  the 
entire  eastern  margin  of  the  Coastal  Plain.  The  same  type  of  buried 
valleys  and  the  same  reduction  in  the  configuration  of  the  shore  line 
marked  the  inner  margin  of  the  Talbot  terrace  as  has  been  already 
described  in  the  case  of  the  earlier  terraces.  The  materials  are  similar 
in  character  and  structure  to  those  which  precede,  and  there  is  every 
reason  to  believe  that  they  were  formed  under  similar  conditions.  The 
Talbot  terrace  and  its  equivalent,  the  Chowan  and  Pamlico  terraces,  are 
again  less  dissected  than  the  Wicomico.  Imbedded  in  their  materials 
are  marine,  estuarine,  and  fresh-water  fossils  dependent  upon  the  posi- 
tion of  the  terraces  with  reference  to  the  marine,  brackish,  and  fresh 
waters  of  the  period.     Marine  fossils  have  been  found  at  numerous 
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points  far  up  the  valleys  of  the  estuaries  which  show  that  the  sub- 
mergence of  Talbot  (Chowan  and  Pamlico)  time  carried  the  sea  far 
into  the  interior  of  the  land. 

The  height  near  the  landward  margin  of  the  Talbot  terrace  through- 
out the  northern  Coastal  Plain  and  of  the  Chowan  terrace  in  Virginia 
and  !N'orth  Carolina  shows  that  the  sea  stood  at  an  elevation  of  40  to  50 
feet  above  its  present  level.  During  the  building  of  the  Pamlico  ter- 
race, on  the  other  hand,  it  stood  scarcely  more  than  20  feet.  The  great 
extent  of  the  Pamlico  terrace  shows  that  a  wide  area  in  eastern  North 
Carolina  was  still  below  sea  level  during  that  epoch. 

To-day  a  similar  terrace  known  as  the  Recent  terrace  enwraps  the 
sea  front  and  estuaries  in  exactly  the  same  manner  as  the  terraces  of 
Talbot,  Wicomico,  Sunderland,  and  Lafayette  time  encircled  the  lands 
of  those  epochs.  The  materials  and  structure  of  the  deposits  are  essen- 
tially identical  with  those  of  earlier  date  and  there  is  every  reason  to 
believe  that  they  find  their  explanation  in  the  processes  at  work  to-day 
in  the  building  of  this  great  recent  formation. 


CHAPTER    IV. 


THE  CORRELATION  OF  THE  COASTAL  PLAIIST  FORMA- 

TIONS  OF  NORTH  CAROLINA. 


By  Wm.  Bullock  Clark. 

The  correlation  of  the  geological  formations  of  the  North  Carolina 
Coastal  Plain  is  based  on  both  physical  and  paleontological  criteria. 
Among  the  physical  elements  that  enter  into  such  correlation  are  con- 
tinuity of  the  strata,  similarity  of  lithologic  characters,  similarity  of 
sequence,  and  similarity  of  topographic  form,  while  the  paleontological 
factors,  which  are  by  far  the  most  important  generally  for  final  dis- 
crimination, are  based  on  identity  of  the  species  and  the  faunal  and 
floral  grouping. 

The  physical  criteria  are  alone  available  in  the  case  of  the  Patuxent, 
Lafayette,  Coharie,  Sunderland,  Wicomico,  Chowan,  and  Pamlico  for- 
mations, since  fossils  are  either  lacking  or,  when  present,  as  in  the  case 
of  some  of  the  Pleistocene  formations,  are  not  sufficiently  distinctive  to 
be  of  any  aid  in  establishing  the  equivalency  of  the  deposits.  The 
paleontological  criteria  are  available  in  the  case  of  the  Black  Creek, 
Peedee,  Trent,  Castle  Hayne,  St.  Marys,  Yorktovm,  Duplin,  and  Wac- 
camaw  formations,  and  with  the  physical  criteria  make  it  possible  to 
approach  the  problem  with  a  larger  amount  of  evidence  than  in  the 
case  of  the  first  group.  It  is  fortunate,  however,  that  in  the  case  of 
the  earliest  and  among  the  youngest  formations  the  available  physical 
criteria  are  such  as  to  render  their  correlation  quite  as  satisfactory  as 
in  the  case  of  some  of  those  of  the  second  group. 

Dr.  L.  W.  Stephenson  and  Mr.  E.  W.  Berry,  under  the  direction  of 
Dr.  T.  Wayland  Vaughan,  have  greatly  enlarged  our  knowledge  of  the 
stratigraphy  and  paleontology  of  the  South  Atlantic  and  Gulf  States, 
and  the  results  of  their  work  have  been  available  for  the  comparisons 
with  tho  southern  districts  south  of  [N'orth  Carolina. 

The  formations  will  be  considered  chronologically  in  the  order  of 

their  occurrence. 

PATUXENT  FORMATION. 

The  Patuxent  formation,  in  the  absence  of  recognizable  fossils,  can 
only  be  correlated  with  the  deposits  of  other  areas  on  physical  grounds. 
In  stratigraphic  position  and  lithologic  character  it  is  similar  to  the 
Patuxent  deposits  of  Virginia  and  Maryland.  The  continuity  of  the 
strata  is  interrupted  over  a  considerable  area  in  southern  Virginia,  due 


yortn  Carolina  Geologicoi  and  Jffcano«**c  Vou  III,    PIATB  XXVIIL 

ALABAMA 


COMPARATIV 


COLUIVtNAR 


OF 


ATLANTIC  COASTAL.    I 


FORMATION 


QOAIBMWY 


LONQ  ISLAND    AND 
SO.  NEW  ENGLAND 


QUATERNARY 


TKBTIARV 


■IVrAWAN 


RARITAN 


mmjurv 


CRCTMCOUS 


CORRELATION    OF    FORMATIONS.  305 

to  the  transgression  of  later  deposits,  but  similar  interruptions  occur  at 
other  points  in  Virginia  and  in  Maryland  where  the  sparse  flora  has 
permitted  correlation  on  paleontological  grounds.  To  the  southward 
of  North  Carolina,  on  the  other  hand,  similar  deposits  have  been  traced 
with  only  a  few  interruptions  through  South  Carolina  and  Georgia  into 
eastern  Alabama,  where  fragmentary  plant  remains  have  been  found 
which  suggest  a  somewhat  younger  age  for  the  deposits  in  this  region 
than  in  the  north. 

These  deposits  in  the  far  south  were  long  erroneously  associated  with 
the  Tuscaloosa  formation  farther  westward  in  Alabama  and  Missis- 
sippi, from  which,  however,  they  are  entirely  distinct  both  in  strati- 
graphic  position  and  lithologic  character,  while  they  are  separable 
everywhere  by  marked  unconformities  from  the  overlying  Upper  Creta- 
ceous deposits.  They  are,  according  to  the  evidence  at  present  availa- 
ble, physically  continuous  with  the  Patuxent  beds  farther  north, 
whether  or  not  the  same  formational  name  is  employed  throughout  the 
entire  district.  Notwithstanding  physical  evidence  in  favor  of  a  single 
formational  unit  being  found  at  the  base  of  the  Coastal  Plain  series  all 
the  way  from  Maryland  to  Alabama,  it  must  be  admitted  that  a  trans- 
gressing sea  throughout  so  extended  a  coast  line  may  well  involve  con- 
siderable time  for  its  accomplishment,  and  if  the  transgression  pro- 
gressed from  the  north  toward  the  south,  as  seems  probable,  the  deposits 
in  Alabama  would  necessarily  be  somewhat  younger  than  those  farther 
north. 

The  detailed  comparison  of  the  Patuxent  deposits  of  North  Carolina 
with  those  of  adjacent  regions  indicate  the  stratigraphic  and  lithologic 
similarity  of  the  strata  over  a  wide  area.  The  beds  everywhere  are 
characteristically  arkosic  and  predominately  arenaceous,  with  layers  or 
lenses  of  clay.  There  is  often  a  tendency  to  compactness  and  slight 
induration,  while  the  colors  are  much  the  same  everywhere.  There  is 
universal  cross-bedding  and  bands  of  small  pebbles  here  and  there,  indi- 
cating similar  conditions  of  deposition  in  disturbed  waters.  In  these 
respects  the  deposits  are  quite  different  from  the  overlying  Arundel 
and  Patapsco  beds  of  Lower  Cretaceous  age,  while  it  is  quite  clear  that 
the  deposits  do  not  represent  any  portion  of  Upper  Cretaceous  sedi- 
mentation. 

The  flora  of  the  Patuxent  formation  in  Virginia  and  Maryland  indi- 
cates that  the  deposits  are  of  Neocomian  age,  and  they  have  been  thus 
correlated  by  Berry,  who  has  made  an  extensive  study  of  American 
Lower  Cretaceous  floras. 

20 
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TABLE  SHOWING  CORRELATION  OF  LOWER  CRETACEOUS  FORMATIONS. 


Approximate      Pennsyl- 

Edropban        vania  and    :  Maryland. 
Equivalents.     Delaware. 


Albian ,  Patapsco |  Paiapsco. 

I 

Barremiaa::;: '  Arundel.. 

NeocDmian. i  Patuxent. 


Virginia. 


Patapsco. 


North 
carolina. 


-,  Patuxent ,  Patuxent.. 


Georgia  and 

Eastern 

Alabama. 


(?) 


Lower  Cretaceous. 
(f:iarlier  referred  to 
I     **Tuscaioosa.") 
(?) 


BLACK  CREEK  FORMATION. 

The  Black  Creek  formation  presents  mucli  that  is  of  correlative 
value,  not  only  in  its  lithology  and  stratigraphy,  but  also  in  its  con- 
tained fossils.  When  we  apply  the  physical  criteria  to  the  correlation 
of  the  Black  Creek  beds  we  find  that  the  deposits  present  many  points 
of  similarity  with  the  Magothy-Matawan  deposits  of  the  northern  area, 
with  the  Black  Creek  beds  of  South  Carolina,  and  also  with  the  Tus- 
caloosa and  the  Eutaw  in  the  eastern  Gulf.  Everywhere  along  the 
Atlantic  coast  an  unconformity  separates  these  beds  from  those  below, 
and  this  is  also  the  case  in  eastern  Alabama.  Throughout  the  Atlantic 
coastal  border  these  deposits,  which  are  sands  and  clays,  often  cross- 
bodded,  also  afford  interst ratified  marine  beds  containing  more  or  less 
glauconite,  and  these  gradually  pass  over  into  typically  marine  strata, 
which  are  widely  glauconitic.  iNTo  unconformity  exists  in  the  series  as 
far  as  known.  The  beginning  of  sedimentation  essentially  glauconitic 
and  prrnianontly  marine  as  shown  by  its  contained  fauna,  while  it  may 
not  have  been  inaugurated  at  exactly  the  same  horizon  at  every  point, 
already  appears  bofore  tlie  close  of  the  Black  Creok  and  synchronous 
deposits.  Some  modification  in  the  character  of  sedimentation  appears, 
to  be  sure,  in  different  portions  of  the  area,  but  the  upper  beds  present 
many  points  of  similarity  throughout  the  entire  region. 

When  we  come  to  consider  the  evidence  of  the  fossils,  we  find  an  ox- 
tensive  fauna  and  flora,  each  with  a  large  representation  of  forms 
known  in  other  areas.  The  fauna  of  the  Black  Creek  formation  has 
been  eolleeted  at  24  different  localities  in  tlie  up])er  pffrt  of  the  forma- 
tion, the  fossils  being  found  for  the  most  part  in  glauconitic  beds  that 
are  interstratified  with  the  leaf-bearing  zones.*  Although  there  is  more 
or  less  diversity  in  the  forms  at  the  several  localities,  certain  species  are 
coninion  to  tlie  g'reat  majority  of  them.  Although  92  species  of  inverte- 
brates have  been  determined,  of  which  19  ranG:e  on  into  the  Peedee  for- 
mation, the  remainder,  as  far  as  known,  not  passing  beyond  the  con- 
fines of  the  Black  Creek  formation.     A  comparison  of  this  fauna  with 


♦The  ranges  of  the  spocios  in  the  Black  Crook  and  Peerloe  formations  have  been  revised  by 
Dr.  Stephenson  in  the  liKht  of  his  more  recent  studies.     (See  table  opposite  p.  147.) 
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that  of  New  Jersey  shows  a  remarkable  similarity  with  the  Magothy- 
Matawan  horizons.  Out  of  the  43  species  found  in  the  Black  Creek 
that  have  been  recognized  in  the  New  Jersey  Cretaceous,  23  are  con- 
fined to  the  Magothy-Matawan,  while  20  pass  upward  into  the  Mon- 
mouth. Of  the  23  restricted  forms  in  New  Jersey  19  are  similarly 
restricted  in  North  Carolina.  On  the  other  hand,  of  the  20  species 
which  range  upward  into  the  Monmouth  in  New  Jersey  7  also  range 
upward  into  the  Peedee  in  North  Carolina,  and  this  similarity  may  be 
still  more  marked  when  more  complete  collections  have  been  made  from 
the  Peedee  beds.  The  19  forms  common  to  and  confined  to  the  Black 
Creek  formation  in  North  Carolina  and  to  the  Magothy  and  Matawan 
formations  in  New  Jersey  are: 

Siidda  percrassa  Conrad,  yemodon  brevifrons  Conrad,  THgonoarca 
hiquetra  Conrad,  Trigonoarca  cliffwoodensis  Weller,  Glycijmeri^  con- 
gesia  (Conrad),  Pterea  petrosa  Conrad,  Exogyra  ponderosa  Roemer, 
Ostrea  cretacea  Morton,  Cymella  heUa  Conrad,  EriphyJa  comradi  (Whit- 
field), Cardium  eufaulense  Conrad,  Isocardia  cliffwoodensis  Weller, 
Schizodesma  appressa  Qabb,  GorhuLa  carolinensis  Conrad,  C.  hisvicata 
Conrad,  Cadulus  obnutus  (Conrad),  Gyrodes  crenata  (Conrad),  Twrri- 
tella  quadrilira  Johns,  Pugnelhis  densatus  Conrad,  Placenticeras  pla- 
centa (DeKay). 

It  is  of  interest  that  among  these,  Trigonoarca  triquetra  Conrad, 
Tngonoarca  cliffwoodensis  Weller,  and  Ostrea  cretacea  Morton  are  con- 
fined to  the  Magothy  alone,  while  Exogyra  ponderosa  Roemer,  Eriphyla 
conradi  (Whitfield),  Cardium  eufaulense  Conrad,  Isocardia  cliffwood- 
ensis Weller,  Cadulus  obnutus  (Conrad),  Gyrodes  crenata  Conrad,  Pug- 
n-elhis  densatus  Conrad,  and  Placenticeras  placenta  (DeKay),  have  only 
been  found  in  the  Matawan.  The  remaining  forms  have  been  found  at 
both  horizons. 

Ostrea  iccticosta  Gabb,  Trigonia  eufalensis  Gabb,  and  Turritella 
trilira  Conrad,  which  have  not  been  found  above  the  Matawan,  range 
into  the  Peedee  in  North  Carolina.  On  the  other  hand,  out  of  the  20 
Black  Creek  forms  which  are  found  in  both  the  Magothy-Matawan  and 
the  Monmouth,  Cucullaea  antrosa  Morton,  Ostrea  plumosa  Morton, 
Gryphaea  resicularis  Whitfield,  Lima  reticulata  Forbes,  Anomia  ar~ 
geniaria  (Morton),  and  Cardiutn  spillmuni  Conrad  are  also  found 
in  both  the  Black  Creek  and  Peedee  in  North  Carolina,  while  the 
remainder,  which  range  upwards  into  the  Monmouth,  have  not  been 
hitherto  observed  in  the  Peedee  of  North  Carolina.  Of  these,  however, 
Cyprimeria  d-ensata  (Conrad)  and  Linearia  nietastriata  Conrad  are 
especially  characteristic  of  the  Matawan  formation  in  the  northern 
Coastal  Plain,  although  also  found  higher  in  the  series. 
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The  marked  similarity  of  the  Black  Creek  fauna  with  that  found 
in  the  Magothy-Matawan  series  is  thus  clearly  shown.  Although  the 
differentiation  of  this  fauna  into  faunules  as  described  by  Weller  for 
the  New  Jersey  region  cannot  be  made,  it  is  significant  that  such  forms 
as  Belemnitella  americana  (Morton),  Ostrea  larva  Lam./  Exogyra 
costata  Say,  and  Pecten  tenuitestta  Gabb  introduced  at  the  opening  of 
the  Monmouth  in  New  Jersey  are  likewise  not  found  below  the  Peedee 
in  North  Carolina.  The  reappearance  of  the  earlier  faunal  facies  as  a 
distinct  faunule  after  the  introduction  of  the  Belemnitella  fauna,  as 
shown  in  the  Bedbank  beds  in  New  Jersey,  has  not  been  recognized 
farther  south,  a  fact  that  is  perhaps  to  be  explained  on  the  ground  that 
the  physical  conditions  necessary  for  the  reintroduction  of  these  forms 
did  not  again  occur  south  of  New  Jersey.  It  is  apparent,  therefore, 
from  the  faunal  evidence  submitted  that  the  Black  Creek  formation  of 
North  Carolina  is  to  be  correlated  with  the  Magothy-Matawan  forma- 
tions of  the  northern  Coastal  Plain. 

When  a  comparison  is  instituted  with  the  Gulf  Cretaceous,  it  is  more 
difficult  to  correlate  the  deposits,  since  the  range  of  the  species  in  the 
Gulf  series  has  never  been  determined  with  care.  There  is  little  doubt 
but  that  the  Black  Creek-Peedee  faunas  combined  are  the  equivalent 
of  the  Magothy-Matawan-Monmouth  of  the  northern  part  of  the  Coastal 
Plain  and  that  these  find  their  counterpart  in  the  Eutaw-Selma-Ripley 
of  the  eastern  Gulf. 

The  eastern  Gulf  faunas  are  being  studied  at  the  present  time  by 
Dr.  L.  W.  Stephenson.  An  extensive  fauna  has  been  found  at  certain 
localities  in  the  Eutaw  formation  as  well  as  in  the  Lower  Ripley  (or 
Selma),  and  many  of  the  forms  which  are  limited  to  the  Black  Creek 
beds  in  North  Carolina  and  the  Magothy-Matawan  of  the  region  farther 
north  are  found  to  be  likewise  limited  to  the  Eutaw  and  lower  Riploy 
(or  lower  Selma).  The  studies  of  Stephenson  have  shown,  however, 
that,  of  the  19  species  common  to,  and  confined  to  the  Black  Creek  for- 
mation of  the  Carolinas  and  the  Magothy-Matawan  of  New  Jersey,  9 
range  upward  into  the  upper  Ripley,  or  what  he  has  termed  the  Exogyra 
costata  zone,  of  the  eastern  Gulf  region.  These  are  as  follows:  Xu- 
cula  percrassa  Conrad,  Nemodon  brevifrons  Conrad,  Pteria  pctrosa 
(Conrad),  Cymella  holla  Conrad,  Cardium  eufaulen^e  Conrad,  Schizo- 
desma  appressa  Gabb,  Cadvlus  ohnutus  (Conrad),  Gyrodes  crenata 
(Conrnd),  and  Pugncllus  densatus  Conrad.  These  species  appear,  there- 
fore, to  have  a  higher  range  in  the  Gulf  region  than  they  are  known  to 
have  in  the  Atlantic  coast  reerion. 


^Ostrea  falcata  Morton,  found  in  the  upper  Matawan,  has  been  referred  by  some  writers  to 
this  species. 
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When  a  comparison  of  the  fauna  of  the  Black  Creek  formation  is 
made  with  that  of  the  European  Cretaceous,  we  find  that  its  general 
character  is  that  of  the  Senonian,  and  the  view  has  been  commonly  held 
by  paleontologists  that  all  of  the  marine  beds  of  the  Atlantic  and  eastern 
Gulf  coasts  represent  that  epoch  of  the  Cretaceous,  with  the  possible 
exception  of  certain  later  deposits  in  New  Jersey  which  have  been  re- 
garded by  the  writer  and  others  as  of  Danian  age.  Some  even  include 
in  the  Senonian  all  of  the  Upper  Cretaceous  strata,  both  marine  and 
nonmarine,  from  New  Jersey  to  the  Mississippi  basin,  since  even  the 
lowest  known  Upper  Cretaceous  deposits  in  this  area  (Raritan  forma- 
tion) contain  a  few  marine  invertebrates  of  probably  identical  species 
with  those  of  higher  horizons.  Those  who  hold  this  view  necessarily 
consider  that  the  earlier  Turonian  and  Cenomanian  epochs  are  unrep- 
resented, since  every  one  agrees  that  the  imconformably  underlying  de- 
posits are  of  Lower  Cretaceous  age. 

It  is  essential,  however,  before  passing  final  judgment  on  the  basis 
of  marine  invertebrates,  to  examine  the  evidence  furnished  by  the 
fossil  plants  which  occur  in  great  variety  in  the  lowest  beds  beneath 
those  containing  the  marine  invertebrates  as  well  as  in  interbedded 
strata  in  the  middle  of  the  series. 

Mr.  E.  W.  Berry  of  the  Johns  Hopkins  University,  who  has  made  a 
study  of  the  flora  of  the  formation,  has  prepared  the  following  state- 
ment regarding  the  significance  of  the  plant  remains.    He  says : 

'Tossil  plants  have  been  collected  at  21  diflferent  localities  within  the  Black 
Creek  formation  of  North  Carolina.  These  collections  are  of  very  unequal 
interest,  ranging  from  those  made  up  entirely  of  detached  leaves  of  Araucaria 
bladenensis  Berry  to  that  at  Court  House  Bluff,  where  45  different  species  are 
represented.  The  great  bulk  of  the  localities  show  but  little  individual  diver- 
sity In  their  fossils,  the  conditions  of  sedimentation  during  the  formation  of 
the  deposits  eliminating  in  most  instances  many  of  the  more  delicate  types  and 
in  some  cases  even  reducing  them  all  to  an  unrecognizable  condition.  Among 
the  most  resistant  and  at  the  same  time  most  common  types  are  Araucaria 
hladenensis  Berry  and  Pistia  'Nordenskioldi  (Heer)  Berry.  Some  other  less 
common  forms,  such  as  Andromeda  novaecaesareae  Hollick,  are  almost  equally 
capable  of  withstanding  maceration.  Evidently  all  of  the  plants  were  in  the 
water  a  considerable  time  before  fossilization,  as  the  coriaceous  leaves  of 
Araucaria  hladenensis  Berry  which  successfully  resisted  destruction  in  the 
triturating  currents  which  cross-bedded  the  sands  have  lost  all  trace  of  their 
internal  structure.  Furthermore,  the  less  resistant  forms  at  Court  House  Bluff 
which  owed  their  preservation  to  somewhat  more  favorable  physical  conditions, 
likewise  show  evidence  of  having  been  in  the  water  a  long  time  through  the 
almost  universal  absence  of  apex  and  base  and  the  frayed  condition  of  the 
margin  of  many  of  the  leaves,  as  commonly  seen  in  the  very  abundant  Myrica 
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"'I'\i4',rt^  HTH  u*'V<'raJ  Black  Ore^rk  »pecie»  that  are  deserriL?  of  si«ei-ial  *n.;ha- 
iim  hi  fii;y  'Offfl/Jrf-rafioij  of  '^-orrelation.  Among  these  Amucnria  K^dcntntU 
lUitry  \H  iUtt  moHt  Unifffritiut.  YmiIu^  found  often  In  great  abondaccv,  at  14  ou: 
of  rh<'  2)  jihifil  Jo^';jntj<-w  In  th*?  form iit ion.  It  occurs  also  in  the  Black  Creek 
MvJ«  of  K'/ijfh  ^'aroiifjji,  iu  the  e'julvalent  of  the  Eutaw  along  the  Chattahoo- 
f'\i**r  J(jv<r  in  w^f^tcrn  ('j*^»tv:v,i.  at  the  summit  of  the  Tascal^josa  formation  in 
Al;jti;(n/:i.  and  aIi<o  at  tiie  sununit  of  the  Maj^othy  formation  in  Maryland.  The 
n'ran-Ht  alli<,f«  of  thlK  K[>er.'Ies  are  Araucarites  ovatUM  Holliok  of  the  Magothy 
formation  ntuX  Araw/iria  Toucaal  Sap-  '^^  the  Turonian  of  France.  Two  other 
Hlf*'('U'H  of  thiH  K'^nuM  oc^ur  in  tiie  Black  Creek  formation,  hot  no  representatives 
of  tiilH  \y\ii:  liave  ever  been  found  in  deiM^sits  of  Raritan  age.  Ficus  Stephen- 
Hhnl  B'Ti'y,  a  iwyf  Hj>f*<ricH  of  fit?,  is  confined  to  the  Black  Creek  and  to  the 
MIddendorf  U-iXn  tit  South  Carolina.  Its  nearest  relative  is  a  species  described 
by  lA'H*\\\**vi'nx  from  the  Dakota  Group.  Leguminosites  rohinia folia  Berry, 
Hnotli<;r  n<rw'  Hpe^ii-s,  is  likewise  confined  to  the  Black  Creek  and  Middendorf 
bedH,  «H  Im  aJHo  QwircuH  pHeudoKeMfalica  Berry.  The  writer  has  elsewhere 
enipiiaHlz<'rl  flie  pn*.scnce  of  oaks  in  any  abundance  as  a  feature  indicating 
the  poHt-Karitan  at<e  of  the  Magothy  and  allied  formations.  Two  species  of 
QuercuH  are  described  from  the  Black  Creek,  and  the  apparently  synchronous 


CORRELATION   OF   FORMATIONS.  311 

Middeiidorf  beds  across  the  border  in  South  Carolina  have  a  varied  display 
of  oalvs,  rivaling  in  this  respect  the  Dakota  Group  of  the  west.  Both  Sequoia 
hcterophyUa  Velen.  and  Sequoia  minor  Velen.  of  the  Black  Creek  were  first 
described  from  the  Ceuomanian  of  Bohemia,  and  the  former  also  persists  into 
the  Senouian  of  that  country.  It  is  a  characteristic  and  widespread  species 
throughout  the  Magothy  formation,  making  its  first  appearance  in  American 
strata  in  the  uppermost  Raritan  at  South  Amboy,  New  Jersey.  Pistia  Nordefi- 
skioldi  (Heer)  Berry  occurs,  often  in  great  abundance,  at  8  of  the  plant 
localities  in  the  Black  Creek,  its  only  other  known  occurrences  being  near  the 
top  of  the  Magothy  formation  in  Maryland  and  in  the  Atane  beds  of  Green- 
land, supposedly  of  Cenomanian  age,  but  closely  related,  according  to  the 
observations  of  White  and  Schuchert,  with  the  overlying  Patoot  beds  (Seuo- 
nian?).  The  only  other  fossil  representatives  of  this  genus  are  Pistia  MazcHi, 
described  by  Sapor ta  and  Marion  from  the  Senonian  lignites  of  Fuveau, 
France,  and  Pistia  corruf/ata,  described  by  Lesquereux  from  the  Montana  for- 
mation of  Wyoming,  both  very  distinct  from  the  Black  Creek  plant.  Among 
the  common  plant  remains  in  the  Black  Creek  are  certain  characteristic  fruits 
which  have  been  described  by  the  writer  as  Cephalotawospermum  carolinianum. 
They  are  a  marked  feature  of  these  deposits,  occurring  at  5  of  the  localities. 
Outside  the  State  they  are  found  in  the  Black  Creek  shales  of  South  Carolina 
and  at  the  top  of  the  Tuscaloosa  in  Alabama. 

**Recently  a  single  species  of  fossil  plant,  the  only  one  known  from  this 
formation,  was  collected  by  Dr.  H.  P.  Little  in  a  carbonate  of  iron  nodule  in 
the  Woodbury  clays  (Matawan)  at  Lorillard,  New^  Jersey.  It  proves  to  be 
very  close  to  the  common  Magothy  and  Dakota  Group  form  Ficus  reticulata 
(Lesq.)  Knowlton,^  which  Hollick  also  recorded  recently  from  the  supposed 
Magothy  formation  of  Marthas  Vineyard  and  which  he  regards  as  also  identi- 
cal with  MyrtophyJlum  schuhlerij  described  by  Heer  from  the  Cenomanian  of 
Moravia.*  Furthermore,  Dammara  cliff icoodensis  Hollick,  a  characteristic 
Magothy  plant  closely  related  to  Dammara  horealis  Heer  of  the  Raritan  and 
Tuscaloosa,  has  been  collected  in  the  Matawan  formation  of  Maryland.  These 
occurrences  clearly  indicate,  what  has  long  been  suspected,  that  the  Magothy 
flora  persisted  well  into  Matawan  time. 

"Similar  conditions  are  shown  by  a  recent  collection  of  fossil  plants  made 
by  Dr.  L.  W.  Stephenson  near  Buena  Vista  in  western  Georgia.  In  beds  said 
to  be  above  the  Bluflftown  or  Snow  Hill  horizon  of  the  Lower  Ripley  the 
writer  has  identified  Araucaria  hladcncnsis  Berry,  Andromeda  nouae-oaesareae 
Hollick.  and  Manihotitcs  sp.,  3  characteristic  Black  Creek  forms  out  of  a  total 
flora  of  but  6  species,  1  other  of  which.  Eucalyptus  angusta  Velen.,  occurs  in 
the  Middendorf  beds  of  South  Carolina,  the  evident  equivalent  of  the  Black 
Creek,  and  In  the  upi)er  Raritan  of  New  Jersey. 

"Comparing  this  flora  as  a  whole  with  that  of  related  formations,  it  may  be 
noted  that  28  of  the  Black  Creek  plants  occur  in  the  Raritan  formation. 
While  this  seems  like  a  large  percentage,  It  is  to  be  remembered  that  only  13 
of  these  were  described  originally  from  the  Raritan,  and  that  all  but  one  or 
two  of  the  remainder  are  species  described  from  higher  horizons,  from  the 
Dakota  Group  of  the  west,  and  from  the  Cenomanian  and  Senonian  of  Green- 


»Berry.  N.  Y.  Bot.  Garden,  vol.  3.  1903.  p.  73.  pi.  lii.  fig.  5;  pi.  liii,  figs.  1.  4. 
*Hollick,  Mod.  U.  S.  Geol.  Survey,  vol.  1,  1907.  p.  96,  pi.  xxxvi,  fig.  6. 
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laud,  Saxony,  aud  Kheuish  Prussia.  The  Black  Creek  altogether  lacks  the 
fern  remains  and  the  other  elements  of  the  Raritan  formation  of  New  Jersey 
which  are  to  be  considered  as  survivals  from  the  flora  of  the  liower  Creta- 
ceous Patapsco  formation.  Twenty-seven  of  the  Black  Creek  species  occur  in 
the  Mapothy  formation  of  New  Jersey  and  Maryland,  the  flora  of  the  latter 
containing  several  as  yet  unpublished  additions  to  this  list.  While  this  is  a 
less  number  than  is  common  to  the  Raritan,  it  embraces  certain  forms  which, 
although  making  their  first  appearance  In  the  upi)er  Raritan  at  South  Amboy, 
New  Jersey,  and  Krelscherville,  Staten  Island,  are  especially  characteristic  of 
the  Magothy  formation.  Among  the  characteristic  forms  common  to  the  Black 
Crttk  and  the  Magothy  may  Ix*  mentioned  Araucaria  hiadencnsis  Berry,  Ati- 
ilromeda  uoiae-caesareae  Ilolllck,  various  si)ecies  of  Eucalyptus^  Magnolia  Cap- 
el  I  inii  Heer,  Moriconia  americana  Berry,  Pistia  Nordetiskioldi  (Heer)  Berry, 
VlnuH  raritanenHtit  Berry,  Podozamites  Knoiclioni  Berry,  Salix  flexuosa  Newb.. 
and  LcHquercuxi  Berry,  etc.  A  typical  Magothy  species  described  orighially 
from  the  Senonian  of  Europe  and  not  found  in  Raritan  deposits  is  Cunning- 
hamitis  clvjans  (Corda)  Endl.,  which  is  very  abundant  In  the  low^er  Black 
River  btnls.  Seventeen  of  the  Black  Creek  species  occur  in  the  Dakota  sand- 
stone, 14  in  the  Alaue  beds  of  Greenland,  0  in  the  Patoot  beds  of  Greenland,  8 
in  the  Cononuinian  of  Moravia,  2  in  the  Cenomanian  of  Dalmatia,  8  in  the 
Cenomanian  of  Bohemia,  3  in  the  Turonian  of  France,  1  in  the  Senouian  of 
Bulgaria,  and  2  in  the  Senonlan  of  Westphalia  and  Prussia. 

**Tlie  character  of  the  Black  Creek  flora  as  a  whole  shows  conclusively  that 
it  is  younger  than  the  Raritan  flora  and  must  be  correlated  with  that  of  the 
Magothy  formation  of  the  northern  Coastal  Plain  and  with  at  least  the  major 
part  of  the  upper  Tuscaloosa  and  the  lower  Eutaw  of  Alabama  with  which 
it  is  practically  connected  by  certain  as  yet  i)oorly  defined  formations  in  South 
Carolina  and  Georgia.  It  is  also  to  be  correlated  with  the  Dakota  Group  flora 
of  the  west. 

"Regarding  the  broader  question  of  detailed  correlation  with  the  European 
time  scale,  it  is  perhaps  premature  to  speak  at  the  present  time.  In  a  forth- 
coming report  for  the  New  Jersey  Geological  Survey  the  Cenomanian  age  of 
tlie  Raritan  formation  is  shown  in  detail.*  The  evidence  of  the  fossil  plants 
is  siidi,  however,  that  the  Magothy,  Black  Creek  and  upper  Tuscaloosa  forma- 
tions must  b<*  regarded  as  either  late  Cenomanian  or  possible  Turonian  ago. 
Tlio  latter  supposition  is  not  capable  of  direct  proof,  since  the  Turonian  flora 
of  Kuroi)o  is  too  iiieagor  to  form  any  basis  for  comparison.*  It  rests  on  the 
assiimi)tion  that  the  Daliota  Group  flora  should,  along  with  the  overlying  Ben- 
ton fauna,  be  referred  to  this  stage,  since  the  latter  has  been  generally  re- 
gnrdcHl  as  earlier  than  the  Senouian.  The  Magothy  and  Black  Creek  floras 
cnnnol  be  younger  than  that  of  the  Dakota  Group,  which  has  always  been 
oonsidenHl  as  of  Cenomanian  age." 

Tiio  evidoneo  afforded,  therefore,  by  the  invertebrates  and  plants  is 
apparently   in   conflict,   since   the   former  present   a   Senonian   facias 

'Berry.  Jour.  Guol.,  vol.  IS.  pp.  252-258,  1910. 

«ThroiiKh  the  kindness  of  Professor  Laiiront.  the  writer  has  received  a  list  of  the  Turonian 
plants  of  Southern  France  containetl  in  the  Museum  at  Marseilles.  Out  of  a  total  of  15  species 
provisionally  recoKnized,  4  are  identical  with  Black  Creek  or  Magothy  forms,  while  Arav- 
carta  Toucasi  Sap.  represents  Araucaria  hiadencnsis  Berry. 
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throughout,  according  to  certain  authorities,  while  the  latter  are  re- 
garded by  paleobotanists  to  show  an  unequivocally  Cenomanian  facies 
in  the  lower  portion  of  the  series,  although  they  admit  that  the  higher 
leaf-bearing  horizons  may  be  with  propriety  assigned  to  the  Turonian. 
In  this  connection  we  find  in  the  western  Gulf  that  the  Woodbine  for- 
mation, which  is  the  representative  of  the  Dakota  sandstone  farther 
west  and  which  contains,  as  already  pointed  out,  a  Black  Creek-Ma- 
gothy-Tuscaloosa  flora,  is  succeeded  by  marine  beds  known  as  the  Eagle 
Ford  and  Austin  Chalk  formations,  which  represent  the  Colorado  Group 
farther  west,  and  that  these  are  again  succeeded  by  deposits  containing 
the  Ripley  fauna,  the  latter  being  regarded  as  the  equivalent  of  the 
Montana  group  of  the  Rocky  Mountain  district.  Since  the  Dakota  has 
been  generally  regarded  as  containing  a  Cenomanian  flora  and  the 
Montana  a  Senonian  fauna  and  flora,  the  Colorado  and  its  equivalents 
may  perhaps  be  properly  assigned  to  the  Turonian.  Since  the  Montana 
flora  is  regarded  by  paleobotanists  as  absolutely  distinct  from  and  much 
younger  in  its  facies  than  the  Dakota,  it  is  difficult  to  see  how,  as  some 
have  supposed,  the  entire  series  of  Upper  Cretaceous  sediments  on  the 
Atlantic  and  eastern  Gulf  coasts  can  be  assigned  to  the  Senonian,  a 
view  still  further  weakened  by  the  fact  that  the  Woodbine  beds  are 
probably  stratigraphically  continuous  beneath  the  Mississippi  embay- 
ment  with  the  Tuscaloosa  deposits  farther  east  in  which  the  same  flora 
occurs.  A  much  more  exhaustive  study  of  the  stratigraphy  of  the  Cre- 
taceous deposits  of  the  central  and  western  Gulf  regions  is  clearly  de- 
manded, however,  before  these  questions  can  be  finally  settled. 

It  is  apparent,  therefore,  unless  the  evidence  of  paleobotany  is  to  be 
entirely  ignored  and  the  Senonian  age  of  the  invertebrates  accepted 
without  question — a  conclusion  which  has  not  been  proven  for  the  en- 
tire series  as  yet — that  we  are  still  forced  to  consider  the  possibility  of 
the  Upper  Cretaceous  sediments  of  the  Atlantic  and  eastern  Gulf 
coasts  representing  horizons  earlier  than  the  Senonian.  Since  the 
Turonian  has  not  been  recognized  by  either  a  distinct  fauna  or  flora 
in  the  series  of  conformable  strata  under  consideration,  it  is  quite  possi- 
ble that  a  Cenomanian  flora  once  established  continued  its  existence  in 
America  later  than  the  close  of  the  Cenomanian  epoch  in  Europe.  At 
the  same  time  it  is  conceivable  that  the  earlier  elements  of  the  inverte- 
brate fauna  are  somewhat  older  than  paleozoologists  have  recognized, 
and  that  a  greater  or  less  portion  of  the  series  under  discussion  must 
therefore  be  regarded  as  Turonian.*     The  evidence  of  the  plants  is 


^Slnce  the  above  was  written,  the  studies  of  Stephenson,  not  yet  published,  show  the  close 
similarity  of  the  Eutaw  (Tombigbee)  faunas  with  those  of  the  Austin  chalk  of  the  western 
Gulf,  which  in  turn  is  correlated  with  a  part  of  the  Colorado  group  of  the  western  interior, 
thus  establishing  the  pre-Montana  age  of  the  Eutaw  and  Tuscaloosa  formations. 
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certainly  favorable  to  this  interpretation,  as  the  European  Turonian 
flora  is  a  very  sparse  one  and  presents  some  marked  points  of  agree- 
ment with  the  flora  under  consideration. 

In  conclusion,  it  may  be  well  to  direct  attention  to  the  fact  that  the 
use  of  the  minor  European  time  divisions  of  the  Cretaceous  in  this 
connection  may  well  be  questioned  in  any  event,  as  it  is  clear  from  the 
conflicting  evidence  presented  that  it  is  impossible  to  assign  sharply 
defined  limits  to  them  in  the  Atlantic  and  eastern  Gulf  regions. 

PEEDEE  FORMATION. 

The  criteria  for  the  correlation  of  the  Peedee  formation  have  already 
been  largely  discussed  in  connection  with  the  Black  Creek  formation. 
The  persistent  glauconitic  character  of  the  materials,  although  con- 
taining interstratified  beds  of  different  character,  some  arenaceous  and 
some  argillaceous,  suggest  similar  conditions  of  deposition  over  wide 
areas.  Almost  identical  materials  are  found  in  the  Monmouth  forma- 
tion farther  north,  the  Peedee  marls  in  South  Carolina,  and  in  the 
upper  portion  of  the  Ripley-Selma  series  of  the  Gulf.  Throughout  the 
Atlantic  and  eastern  Gulf  areas  these  deposits  overlie  the  older  strata 
conformably.  As  far,  therefore,  as  the  physical  criteria  are  concerned, 
the  Monmouth,  Peedee,  and  upper  Ripley-Selma  seem  to  be  synchronous 
deposits. 

The  paleontological  criteria  are  confined  to  animal  remains,  since 
no  plants  have  been  recognized  in  the  deposits,  and  it  is  doubtful  if  beds 
so  strictly  marine  are  liable  to  afford  any.  The  animal  remains  are  not 
as  numerous  as  in  the  Black  Creek,  only  35  invertebrate  species  having 
been  recognized  thus  far.  Of  these  the  following  14  are  confined  to  the 
Poedeo  formation :  Ostrea  sxibspatulata  Forbes,  Ostrea  larva  Lamarck, 
E.rogj/ra  cosiata  Say,  Exogyra  cosfata  var.  nov.,  Pecien  ienmiesius 
Gabb,  JAma  acutlUneata  (Conrad),  Paranomia  scahra  (Morton),  Cre- 
ncUa  serica  Conrad,  Pholadomya  sp.  nov.  (same  as  sp.  nov.  from 
Pataula  Creek,  Ga.),  Lioplsiha  protexta  Conrad,  Panopea  decisa  Con- 
rad, TavriteUa  vertehroides  Morton,  Sphenodiscus  lenticxdaris  (Owen), 
and  BelcinniieJla  americana  Morton.  Of  the  species  named  the  follow- 
ing four  are  known  to  range  downward  into  the  equivalents  of  the  Black 
Crook  formation,  either  in  the  eastern  Gulf  region  or  in  Xew  Jersey: 
Ostrea  larva  Lamarck,  Paranomia  scahra,  (Morton),  Crenella  serica 
Conrad,  and  Panopea  decisa  Conrad.  A  number  of  other  species,  includ- 
ing Carullaea  antrosa  Morton,  Ostrea  plumo^a  Morton,  Grypha^a  vesi- 
cidaris  Lam.,  Lima  reticulata  Forbes,  Anomia  argen^taria  (Morton),  and 
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Cardium  spillmani  Conrad,  are  found  at  both  horizons.  Still  others 
found  both  in  the  Pecdee  and  Black  Creek  in  North  Carolina  are  con- 
fined to  the  Monmouth  in  the  north,  among  them  Pecteti  simpliclus 
Conrad  and  Lima  pelayica  (Morton).  The  fauna  as  a  whole  is,  How- 
ever, clearly  that  of  the  Monmouth  and  upper  Ripley. 

The  Peedee  in  North  Carolina  is  not  followed  by  younger  Cretaceous 
deposits,  as  in  New  Jersey,  where  a  decidedly  younger  fauna  quite  dis- 
tinct from  that  in  the  lower  beds  is  found.  The  Peedee  formation  is 
overlain  only  by  Tertiary  or  post-Tertiary  deposits,  so  that  its  upper 
limits  are  everywhere  sharply  defined  on  both  physical  and  paleontolog- 
ical  grounds. 

As  already  stated,  this  fauna  has  been  generally  regarded  as  Senonian, 
while  the  overlying  Cretaceous  fauna  in  New  Jersey  has  been  regarded 
by  the  writer  and  others  as  probably  Danian  in  age. 

TABLE  SHOWING  CORRELATION  OF  UPPER  CRETACEOUS  FORMATIONS. 

Approximate  Delaware 

European  and  Virginia.         North  Carolina.  Alabama. 

Equivalents.  Maryland. 


Danian Rancocas 

Senonian MonmDuth. __ Peedee 


Ripley,  f^elma. 
Eutaw. 


Matawan 

Turonian In  well  borings .  -    Black  Creek Tuscaloosa. 

Magoth  J' 

Cenonianian Rarltan 


TRENT  FORMATION. 

The  Trent  formation  lies  unconfomaably  on  the  underlying  Creta- 
ceous deposits.  The  lithologie  materials  are  very  unlike  those  of  the 
Eocene  of  adjacent  States,  consisting  of  a  light-colored  marl  that  is 
either  loose  or  locally  consolidated.  The  strata  were  evidently  depos- 
ited after  a  long  interval  of  erosion,  but  there  is  nothing  in  the  position 
or  character  of  the  beds  that  renders  it  possible  to  correlate  them  with 
certainty  with  the  Eocene  of  adjacent  areas.  In  some  particulars  the 
beds,  both  in  position  and  character,  suggest  the  Santee  marl  of  South 
Carolina,  which  has  been  regarded  as  belonging  in  the  Claiborne  group. 
It  is  quite  possible  that  they  may  belong  to  that  horizon. 

The  fossils  of  the  Trent  horizon  are  largely  casts  of  marine  forms, 
although  in  a  few  instances  teeth  and  shells  are  preserved.  The  groups 
best  represented  are  the  moUusca,  bryozoa,  and  echinodermata.  A 
large  oyster  which  has  been  identified  as  Ostrea  georgiana  Conrad,  sev- 
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eral  echinoids,  among  them  SciUella  alia  Conrad  and  Echinocyamus 
parvus  Emmons,  the  latter  found  in  the  Gosport  sand  of  Alabama,  sug- 
gest the  upper  Claiborne  age  of  the  strata.  The  numerous  molluscan 
casfs,  which  are  for  the  most  part  simply  molds  of  the  interiors,  make 
it  very  difficult  to  determine  the  species  with  accuracy.  It  is  therefore 
impossible  at  present,  with  such  material,  to  correlate  the  beds  definitely, 
although  the  general  character  of  the  fauna  points  to  their  late  Clai- 
borne or  early  Jackson  age. 

CASTLE   HAYNE   FORMATION. 

The  Castle  Hayne  apparently  overlies  the  Trent  f  ormation^unconf  orm- 
ably  wherever  the  ttv'o  come  in  contact.  The  relations  of  the  Castle 
Hayne  to  the  Trent  formation  are  not  clear,  since  their  contact  has  not 
been  observed  in  any  outcrop,  but  is  only  known  from  well  borings.  It 
seems  probable,  however,  that  they  are  unconformable  and  that  an 
erosion  interval  existed  between  them.  The  materials  are  quite  different 
from  those  of  the  Trent  formation,  the  most  common  constituent  being 
a  fossiliferous  limestone  of  varied  hardness  and  purity.  A  loose  cal- 
careous marl  and  glauconitic  sands  and  clays  are  also  found.  A  pebble 
bed  more  or  less  phosphatic  is  found  at  the  base.  The  general  strati- 
graphic  relations,  therefore,  suggest  a  formation  distinctly  later  than 
the  Trent  formation  in  age.  N'o  deposits  of  similar  character  are  seen 
in  adjacent  States,  so  that  the  more  detailed  correlation  of  the  beds 
must  rest  wholly  on  the  organic  remains. 

The  fossils  of  the  Castle  Hayne  limestone  are  numerous.  They  con- 
sist, as  in  the  Trent  formation,  largely  of  casts  which  render  their 
specific  determination  difficult.  Among  the  more  perfectly  preserved 
forms  are  several  which  are  confined  to  the  Wilmington  area,  and  there- 
fore of  very  little  aid  in  the  correlation  of  the  deposits.  Among  the 
important  forms  are:  TerehratuUna  lachryma  Morton,  Conns  gyralns 
Conrad,  CrassateUifes  alius  Conrad,  Pecten  scintillatus  Conrad,  Spon- 
dj/Jus  dumosvs  Conrad,  and  a  number  of  species  which  cannot  be  de- 
termined, but  whose  generic  relations  suggest  the  late  Eocene  age  of 
the  formation  and  its  correlation  with  the  beds  at  the  top  of  the  Jack- 
sonian,  and  Vaughan  believes  that  the  Castle  Hayne  formation  should 
be  thus  referred.  The  bryozoa,  on  the  other  hand,  suggest  the  Vicks- 
burgian  age  of  the  deposits,  and  Bassler,  who  has  examined  the  forms 
with  care,  is  inclined  to  think  that  they  should  be  referred  to  that  hori- 
zon, which  would  make  them  Oligocene  in  age.  A  more  detailed  study 
of  the  fauna  is  required  to  determine  whether  the  formation  is  to  be 
placed  in  the  late  Eocene  or  early  Oligocene. 
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TABLE  SHOWING  CORRELATION  OF  EOCENE  FORMATIONS. 
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8T.  MARYS  FORMATION. 

The  St.  Marys  formation  rests  unconformably  on  underlying  deposits. 
Its  continuity  with  the  St.  Marys  formation  of  Virginia  and  Maryland 
has  been  established.  The  beds  have  been  studied  throughout  the  entire 
area  from  Maryland  to  North  Carolina.  The  materials,  which  consist 
predominantly  of  argillaceous  sands,  often  of  a  dark  bluish-green  color 
with  coarser  beds  interstratified,  present  the  same  characteristic  fea- 
tures throughout  the  entire  district.  They  have  been  examined  in  suc- 
cessive river  basins,  and  there  seems  to  be  little  doubt  but  that  they  are 
stratigraphically  continuous  throughout. 

The  more  sandy  phase  of  the  Chesapeake  Group,  recognized  under 
the  name  of  the  Choptank  formation  in  Maryland,  gradually  dies  out 
near  the  Virginia  line,  while  the  underlying  Calvert  formation  with  its 
basal  diatomaceous  beds  gradually  disappears  between  Petersburg  and 
the  Xorth  Carolina  line,  beyond  which  the  St.  Mai-ys  formation  directly 
overlies  the  older  deposits. 

The  fossils  are  verv'  numerous  and  characteristic.  Dr.  Julia  A. 
Gardner  of  the  Johns  Hopkins  University,  who  has  been  engaged  in  an 
exhaustive  study  of  the  Virginia  and  North  Carolina  Miocene  faunas, 
has  prepared  the  following  statement  regarding  their  significance.  She 
says: 


tir 


'The  Miocene  in  Maryland  has  on  paleontologic  as  well  as  Ilthologic  grounds 
a  threefold  division,  the  Calvert,  Choptank,  and  St.  Marys.  The  Calvert  fauna 
Is  distinguished  by  the  temperate  element  so  prominent  in  it.  Of  the  forms 
peculiar  to  the  Calvert  in  Maryland  and  occurring  outside  of  the  State,  50% 
are  found  in  the  Miocene  at  Shiloh  and  Jericho,  New  Jersey.  The  Choptank 
fauna  is  merely  the  biologic  expression  of  changing  physical  conditions  and 
Is.  in  general,  a  sandy-bottom  facies  of  the  Calvert.  The  St.  Marys  is  differ- 
entiated by  an  influx  of  new  forms  and  by  the  absence  of  those  species  peculiar 
to  the  cooler  water  of  the  Calvert  and  the  sands  of  the  Choptank.  It  is.  how- 
ever, rather  unsatisfactory  as  a  reference  fauna.    Although  43%  of  the  St. 
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Marys  species  occur  without  the  State,  only  70%  of  these  are  confined  to  the 
Chesapeake  group,  and  hence  are  available  as  horizon  markers.  The  forms 
which  have  not,  as  yet,  been  reported  from  above  or  below  the  St.  Marys  are 
as  follows: 

Murex  conradi  Da II. 

Urosalpinx  rusticus  Conrad, 

Calliostoma  humile  Conrad. 

Calliostoma  reclusum  Conrad. 

Fiaauridea  alticosta  Conrad. 

Sportella  pelex  Da  11. 

Astarte  symmetrica  Conrad. 

Area  virginiae  Wagner. 

'*Of  those  eight  forms  Astarte  symmetrica,  though  very  rare  in  Maryland,  has 
been  the  most  valuable  diagnostic  species  in  the  North  Carolina  work.  The 
gastroi)ods  and  the  three  species  of  Area  are  rare  south  of  the  Virginia  line, 
while  Sportella  pelex  is  a  small  form  and  very  easily  overlooked  in  any  but 
the  most  detailed  examination  of  a  fauna. 

"Collections  from  the  St.  Marys  of  North  Carolina  have  been  made  at  76 
localities,  and  though  the  determinative  work  is  only  partially  completed,  the 
preliminary  lists  give  the  dominant  characteristics  of  the  fauna.  The  general 
aspect  is  fairly  constant  throughout  the  region.  The  forms  are  for  the  most 
l)art  well  preserved,  though  at  certain  points  along  the  Meherrin  they  are  too 
soft  and  friable  to  be  separated  from  the  matrix.  In  the  North  Carolina  St. 
Marys  the  most  common  pelecypods  are  Mulinia  congesta,  numerous  species  of 
rccteu,  especially  jcffermniuH  and  its  varieties;  Ostrea  compressirostra  and 
Ostrca  sculpinrata  in  about  equal  numbers,  Crassatellites^  Venus  rileyi  and  the 
massive  variety  tridacnoides,  Glycymeris  suhovata,  more  rarely  Glycymeris 
amcricatta,  Doshna  acetabulum,  several  species  of  Phacoides  and  Yoldia  laevis. 
Astarte  symmetrica,  which  has  not  as  yet  been  found  outside  of  the  limits 
of  the  St.  ]\Iarys,  occurs  throughout  the  area,  though  less  profusely  than 
Astarte  undulata.  The  minute  forms  make  up  a  much  smaller  percentage  of 
the  total  fauna  than  in  the  later  Tertiary.  Corhula  inacqualis  is  abundant,  as 
is  also  Leda  acuta.  Gemma  occurs,  but  not  commonly.  Nucula  is  rare  at  most 
of  the  localities,  though  at  Hamilton  BluflC  it  is  the  most  consi)icuous  fossil. 
Of  the  sn  St  rope  ids.  Tnrritella  variahilis  is,  by  far,  the  most  abundant.  In 
Maryhiiid  this  form  is  confined  to  the  St.  Marys.  Outside  of  the  State  it 
occurs  at  higher  h(»rizons,  but  usually  with  variations.  The  larger  sptn-ics 
of,  l'uhjin\  so  coninum  at  Yorktown,  are  rather  rare  and  usually  fraj?- 
nioutary.  Polynii-cs  dupUcaius,  Crepidula  aculeata,  and  Crepidula  fornicata 
are  extremely  abundant,  while  numerous  species  of  Calliostoma,  Crucihulum, 
Fissuridca,  the  ^astiidac  and  the  Buccinidae,  together  with  Ecphora  quadri- 
rostdia.  are  found  in  relatively  few  numbers.  The  small  gastropods,  like  the 
small  iicl«M  ypdds.  are  limited  in  species  and  in  individuals.  The  scaphopods 
are  best  repre.souted  by  Uentalium  attenuatum,  which  is  almost  universal  in  its 
occurrcuco  throuirhout  tho  art^a. 

This  rapid  n'connaissan<  e  may  sorve  to  bring  out  the  general  features  of 
tht^  St.  Marys  fauna  in  N(u*th  Carolina.  The  characteristics  which  distinguish 
ir  frnui  th(»  Y(M'ktown  will  Ix^  discussed  under  the  latter  formation.  Two 
criteria  sorvo  to  diflerontiate  the  North  Carolina  Chesapeake  from  the  Maryland 


CORRELATION   OF   FORMATIONS.  319 

• 

Calvert.  The  first  of  these  is  the  absence  of  the  cooler  water  element  so  char- 
acteristic of  the  latter.  In  Maryland,  the  northern  component  comprises  50% 
of  the  Calvert  forms  available  as  diagnostic  species  outside  of  the  State,  the 
more  abundant  species  being  Muricidea  ahilohensis,  TurriieUa  aequistriata, 
Corhula  elevata^  Venus  ducateUi,  Cutherea  staminea,  and.  Crassatellites  melinus. 
This,  the  dominant  feature  of  the  Calvert  is  entirely  lacking  in  the  North 
Carolina  deposits,  and  its  absence  can  scarcely  be  explained  by  the  more  dif- 
ference in  geographic  position.  The  Choptank,  which  is  intimately  related 
to  the  Calvert,  disappears  before  reaching  the  Maryland-Virginia  line.  **The 
second  and  equally  important  criterion  is  the  presence,  in  great  abun- 
dance, of  typical  St.  Marys  forms.  Species  which  in  Maryland  arc  diagnostic 
of  the  upper  Chesapeake  are  among  the  most  profuse  in  the  North  Carolina 
formation.  Turritella  variabilis  and  Pecten  jeffersonius  and  its  varieties  are 
possibly  the  most  conspicuous  examples,  while  Scaphella  mutabilis,  Scalaspira 
stru7nosa,  Ecphora  quadricoatata,  Ensis  dircctus,  Phacoidcs  crihrariusy  Pandora 
craffsidcns,  and  Anomia  simplex,  are  far  from  rare. 

"The  St.  Marys  fauna  of  Maryland  and  that  of  North  Carolina,  while  co- 
existent are  not  Identical.  It  is  possible  that  the  dissimilarity  in  the  faunas 
may  involve  not  only  a  range  in  latitude,  but  a  slight  chronologic  range  as 
well,  and  that  the  North  Carolina  formation  may  represent  a  slightly  longer 
l)eri()d  of  deposition  than  does  the  Maryland.  There  are  certain  species  com- 
mon in  the  North  Carolina  Chesapeake  and  in  the  later  south  Atlantic  coast 
Tertiaries  which  in  Maryland  are  confined  to  the  Calvert  and  Chr)ptank. 
Among  these  may  be  mentioned  the  common  species  Venus  rileyi,  Asaphis  cen- 
tenaria,  Xucula  proxima,  Divaricella  quadrisulcata,  Chama  congreoata,  Tel- 
Una  declivis,  Telliua  dupUniana,  and  Glycumeris  subovata.  Their  presence 
may,  perhaps,  be  ascribable  to  a  migration  from  the  northeast — the  probable 
direction  of  the  advancing  shore  line.  There  Is  some  evidence  for  believing 
that  between  late  Calvert  time  and  the  initiation  of  the  St.  Marys  in  the 
north  there  was  a  shifting  of  the  axis  of  elevation  from  approximately  the 
latitude  of  the  Virginia-North  Carolina  boundary  towards  the  southward  to  the 
latitude  of  the  present  Hatteras  axis.  This  would  cause  not  only  the  sub- 
mergence of  the  intermediate  area,  but  would  probably  affect  the  ocean  cur- 
rents as  well.  By  the  lowering  of  the  barriers  to  the  northward  free  access 
would  be  given  to  the  colder  waters,  while  by  an  elevation  to  the  southward 
an  effective  barrier  might  be  raised  against  southern  currents  such  as  the 
Gulf  Stream.  The  waters  in  the  North  Carolina  area  of  deposition  wore  not 
sufliciently  cooled,  however,  to  permit  the  existence  of  the  strictly  boreal 
forms,  and  only  those  species  adapted  to  endure  a  wide  range  in  temperatuVe 
survived.  Thus  the  migrants  from  the  New  Jersey. fauna  were  cut  out,  while 
Venus  rileyi,  Nncula  proxima,  Chama  congregata,  etc.,  flourished  in  increasing 
numbers  in  the  warmer  waters  of  their  new  environment.  In  view  of  the 
individuality  of  the  St.  Marys  fauna,  it  is  not  probable  that  a  later  migration 
to  the  northward  took  place,  but  rather  that  there  was  a  contemporaneous 
evolution  In  Maryland  and  in  North  Carolina  along  slightly  divergent  linos." 

YORKTOWN   FORMATION. 

The  Yorktown  formation  overlies  the  St.  Marys  unconformably,  both 
in  Virginia  and  in  !N"orth  Carolina.     It  has  been  traced  from  river 
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basin  to  river  basin  across  sonthem  Virginia  into  North  Carolina, 
where  it  has  been  found  extending,  as  already  described,  over  a  wide 
area  north  of  the  Hatteras  axis  and  where  in  the  absence  of  the  St. 
Marys  formation  it  rests  directly  on  the  Eocene  and  Cretaceous  forma- 
tions. The  materials  of  the  Yorktown  formation  consist  mainly  of 
sands  and  shell  marls,  with  a  slight  admixture  of  clay,  the  shell  marl 
being  generally  distinguished  from  the  marl  beds  of  the  St.  Marys 
formation  by  the  presence  of  large  quantities  of  shell  fragments.  The 
character  of  the  deposits,  and  particularly  of  the  fragmental  shell  beds, 
indicates  that  the  formation  was  in  all  probability  laid  down  in  shallow 
water  within  the  area  of  wave  action.  The  beds  present  many  points  of 
similarity  to  the  Duplin  deposits  to  the  south  of  the  Hatteras  axis. 

Tho  fossils  of  the  deposits  are  numerous  and  characteristic.  Dr. 
Gardner  has  given  the  fauna  much  consideration  and  has  prepared  the 
following  statement.     She  says : 

"The  prW'iiiinenco  of  the  beds  at  Yorktown.  Virginia,  as  a  standard  of  ref- 
eronco  for  tlio  formation  is  due,  not  alone  to  tlieir  superiority  as  a  collecting 
ground,  but  in  cHiual  measure  to  the  fact  that  both  phases  of  deposition  are 
typically  dovclopwl  at  this  point — the  yellow  marl  composed  almost  entirely  of 
shells  and  shell  fragments  and  containing  a  rich  and  diversified  fauna,  and 
the  blue  clay,  also  fossiliferous,  but  with  a  fauna  much  more  restricted  both 
in  species  and  individuals.  The  former  phaw*  finds  its  best  expression  in 
North  Carolina  at  Colerain  Landing  on  the  Chowan  River  and  at  Rock  Land- 
ing on  the  Nense,  the  latter  at  Moiuit  Gould  Landing  and  in  the  vicinity 
of  r^lenhouse  Point  on  tho  Chowan.  The  fossiliferous  dei)osits  along  the 
Chowan  River  are  much  less  satisfactory  than  those  along  the  York.  At  a 
few  localities,  especially  in  the  vicinity  of  Tar  Ferry  and  Colerain  Landing, 
the  material  is  well  preserved,  but  farther  down  the  river  where  the  clay  is 
best  develojied  it  is  friable  and  the  shells  can  with  difficulty  be  separated 
from  tli(»  matrix.  The  collection  made  at  Rock  Landing  on  the  Neuse  River 
is  small,  but  is  yielding  a  surprising  number  of  species,  many  of  wiiich  are 
still  undetermined.  The  majority  of  the  forms  are  minute,  but  there  is 
among  them  a  very  fine  species  of  MacrocaUiftta  137  mm.  in  longitude.  The 
profuseness  of  the  yellow  marl  fauna  is  probably  due  in  part  to  the  fact  that 
it  includes  not  only  the  shallow-water  forms,  but  also  those  that  live  between 
tides,  while  tho  fauna  of  the  blue  clay  is  characterized  only  by  shallow-water 
species.  The  fauna  as  a  whole  is  much  richer  than  the  underlying  St.  Marys, 
I)articularly  in  the  gastropods  and  in  the  minute  mollusca. 

"Although  there  are  very  few  forms  that  are  confined  strictly  within  the 
limits  of  the  Yorktown,  the  general  facies  shows  a  distinct  advance  over  the 
St.  Marys  and  may  be  readily  dllTorentiated  from  it.  The  Pectens  maintain 
their  prominence,  in  some  i>ortions  of  the  York  IJiver  beds  constituting  almost 
the  entire  fauna.  At  these  localities,  Pectcn  jcfferRonius,  especially  the  variety 
6(l(jecomhcnsis,  is  the  more  abundant,  but  in  many  of  the  North  Carolina 
deposits  this  siK'cies  is  superseded  by  Pcctcii  choreus.  Among  the  Ostreas, 
Of<trca  sculpt urata  is  the  most  representative  si)ecies,  while  Ostrea  eomprcssi' 
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rostra,  whicli  during  the  Chesapeake  was  almost  equally  abundant,  occurs  less 
frequently.  The  Areas  have  increased  in  numbers  and  species.  Area  idonea, 
however,  seems  to  have  become  extinct.  Area  ineile  persists,  but  is  not  plenti- 
ful. A,  lienosa,  though  reporteil  from  the  upper  bed  at  Alum 'Bluff,  makes  its 
first  appearance  in  the  Middle  Atlantic  Coast  in  this  formation.  The  Astartes 
change  quite  radically  in  general  asi)ect.  The  St.  Marys  species  Astarte  sym- 
metrica has  not  been  reported  from  the  formation.  Astarte  exaltata  and 
Astarte  obruta  are  rare  or  absent  altogether.  A.  inululata,  so  abundant  in  the 
St.  Marys,  is  on  the  decrease,  wliile  A.  cotwentrica  is  much  more  prominent. 
Evolution  is  also  evident  among  the  Cardiums.  Cardium  Jaqneatum  and  C. 
actitilaequetum  still  continue,  though  in  greatly  diminished  numbers.  This 
period,  however,  marks  the  advent  of  two  new  species  of  this  genus,  C.  sub- 
Uneatum  and  C.  robust  urn,  the  former  profuse  in  the  Pliocene,  the  latter  still 
persistent.  Glyeymeris  amcricana  is  more  abundant  than  in  the  i)recediug 
epoch,  while  Glycymeris  subovata  continues  to  be  a  prominent  form.  The 
genus  Phacoidcs  is  represented  by  a  great  number  of  species,  all  of  which  are 
widespread  in  their  occurrence.  These  include  P.  anodanta,  P.  cremilatus,  P. 
radians,  and  P.  trisulcatus.  Venericardia  {/rauuJata  is  everywhere  present, 
while  the  smaller  species  V.  tridcntatn  and  V.  perplana  are  less  abundant. 
The  smaller  i)elecyi)ods  are  most  of  them  undetermined,  but  it  is  certain  that 
they  will  show  a  notable  increase  both  in  species  and  individuals. 

"The  Yorktown  fauna  in  its  occurrence  at  the  type  locality  is  conspicuous 
for  the  number  of  large  and  well-i)reserved  Fulgurs.  Though  fragments  are 
found  at  the  localities  along  the  Chowan  and  Neuse.  conditions  of  deposition 
were  not  such  as  to  allow  their  satisfactory  preservation.  TurriteUa  is  still 
richly  represented  by  the  species  variabilis  and  its  varieties.  At  Yorktown  one 
bed  is  made  up  almost  entirely  of  the  variety  alticostata.  Ecphora  qnudri- 
eostata  retains  approximately  the  same  relative  position  in  the  fauna  as  in 
the  St.  Marj's.  The  liuccinidac  and  tlie  Xasaidac  are  somewhat  more  numer- 
ous. Crepiditla  foruivatu  and  Polyniccs  dupUcatus  are  reported  from  nearly 
every  locality  where  representative  collections  have  been  made,  while  Crepidula 
aciileata,  C.  plana  and  C.  hcros  are  more  rare.  CaUiostoma  is  represented  by 
eight  si)ecies  at  Yorktown  alone,  but  by  few  Individuals.  Cnicibulum  and 
Fissuridca  are  present  in  meager  numbers.  The  smaller  gastropods  are  quite 
numerous  and  include  many  late  Miocene  si)ecies.  The  gastroi)ods  as  a  whole 
do  not,  however,  attain  in  North  Carolina  the  same  relative  abundance  which 
characterizt^s  the  Virginia  YorktowiT,  especially  in  the  vicinity  of  Suffolk. 

"The  Yorktown  fauna  is  closely  allied  to  that  of  the  Duplin  beds,  and 
under  the  correlation  of  the  latter  will  l)e  quoted  Dr.  Dall's  discussion  of 
their  relationship." 

DUPLIN   FORMATION. 

The  Duplin  formation  is  in  !?Nrorth  Carolina  the  only  representative 
of  the  Miocene  to  the  south  of  the  Hatteras  axis,  where  it  is  found  in 
isolated  outcrops  imcon  form  ably  overlying  the  Cretaceous  and  Eocene 
deposits.  This  fragmentary  occurrence  is  evidently  due  to  erosion,  the 
strata,  as  already  pointed  out,  formerly  covering  in  all  probability  wide 
areas  throughout  the  region.  The  materials  of  the  Duplin  formation 
21 
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are  very  similar  to  those  of  the  Yorktown  and  consist  largely  of  sands, 
arenaceous  clays  and  shell  marls,  the  latter  much  broken  by  wave 
action. 

The  fossils  are  numerous,  the  moUusca  especially  being  well  repre- 
sented. The  most  extensive  collections  have  been  made  from  the  Natu- 
ral Well  in  Duplin  County.  There  is  also  a  large  admixture  of  later 
forms,  but  the  presence  of  many  characteristic  Miocene  species  forbids 
it  being  considered  as  later  than  Miocene.  In  South  Carolina  some  of 
the  beds  in  Darlington,  Florence,  and  Sumter  counties  seem  to  belong  to 
the  same  formation,  although  this  cannot  be  known  definitely  to  be  the 
case  until  collections  from  those  localities  are  more  carefully  studied. 
Xorth  of  the  Neuse  River  the  Duplin  formation  does  not  seem  to  have 
been  deposited,  or,  if  originaUy  present,  has  since  been  removed.  The 
Yorktown  formation  may  be  its  correlative,  in  part  at  least,  though  the 
more  tropical  character  of  the  Duplin  fauna  is  considered  sufficient 
reason  for  not  considering  them  entirely  contemporaneous. 

Xo  fauna  since  collected  approaches  in  profuseness  and  excellence  of 
preservation  that  from  the  Natural  Well  and  its  environs.  Outside  of 
Duplin  County  the  most  promising  fossiliferous  localities  are  along  the 
Lumber  River  in  the  vicinity  of  Lumberton  and  Fairmont  in  Robeson 
County.  Very  little  determinative  work,  however,  has  been  done  upon 
these  forms.  The  best  collection  from  the  Natural  Well  is  that  made 
by  Mr.  Burns  and  studied  by  Dr.  Dall,  which  is  now  in  the  Smithsonian 
Institution.  From  it  .Dr.  Dall  determined  331  species  of  Mollusca  ex- 
clusive of  the  new  species.  Of  these  there  are  many  gastropods,  mainly 
niinutp  specios  of  Drillia.  Marg'uicUa.  Xassa,  and  Scala  and  a  slightly 
smaller  imniber  of  ])elooy])ods.  The  subtropical  aspect  of  the  fauna 
sharply  separates  it  from  the  Yorktown,  which  is  not  known  to  occur 
south  of  the  Ilatteras  axis  and  allies  it  to  the  succeeding  warm-water 
Waccamaw.  There  are,  however,  distinctions  which  will  be  brought 
out  in  the  discussion  of  the  latter  forniation.  Dr.  Dall,^  who  has  studied 
the  fauna,  says : 

"A  study  of  these  [fossils  from  the  Natural  Woll]  indicatos  their  peuoral 
parallelism  with  the  upi>er  or  Yorktown  Mloceue  of  Virginia,  with  which 
their  deposition  may  have  been  partially  synchronous.  The  fossil  species  are, 
however,  largelj'  distinct  from  those  of  the  Yorktown  beds  and  of  a  more 
tropical  aspect.  It  is  probable  that  in  Mioeeue  times,  as  at  the  i^resent  day, 
there  was  a  difference  in  the  marine  faunas  of  the  two  regions,  tliat  at  York- 
town  and  Suffolk  being  more  allied  to  the  subjacent  temperate  fauna  of  the 
older  Miocene  of  Maryland  and  Virginia,  while  that  in  North  Carolina  con- 
tained more  southern  types.     Yet  even  this  seems  hardly  sufficient  to  account 
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for  more  than  part  of  the  difference.  It  is  probable  that  with  the  elevation 
of  the  Gulf  and  Florida  coasts,  which  closed  the  deposition  of  the  cold-water 
Miocene  on  those  shores,  the  changes  in  ocean  currents  which  made  the  water 
warmer  and  invited  the  return  of  the  subtropical  fauna,  banished  at  the  end 
of  the  Oak  Grove  epoch,  extended  at  least  as  far  north  as  North  Carolina. 
To  this  change  I  ascribe  part  of  the  new  aspect  of  the  Duplin  fauna,  which 
would  thus  be  due  to  the  combination  of  two  factors." 

WACCAMAW  FORMATION. 

The  Waceamaw  formation  is  limited  to  a  relatively  small  portion  of 
the  North  Carolina  Coastal  Plain  and  occurs  in  isolated  areas  to  the 
south  of  the  Hatteras  axis.  It  overlies  the  older  formations  uncon- 
formably.  Its  areal  distribution  outside  of  North  Carolina  is  not  well 
known,  although  it  has  been  found  in  adjacent  parts  of  South  Carolina. 
The  fossils  are  distinctly  later  than  the  Duplin  and  contain  a  larger 
percentage  of  living  species.  The  fauna  and  the  materials,  which  are 
largely  sands  and  shell  marls,  indicate  that  the  beds  were  not  laid  down 
at  a  great  depth.  Similar  deposits,  if  they  existed  north  of  the  Hatteras 
axis,  have  been  removed  or  have  been  buried  by  more  recent  strata. 
Dr.  Gardner,  who  has  been  engaged  in  a  study  of  the  fauna,  has  pre- 
pared the  following  statement.     She  says : 

"The  fossil  localities  of  the  Waceamaw,  as  represented  on  the  Cape  Fear, 
though  but  few  in  number,  are  of  unusual  interest  paleontologically.  At 
Walker's  Bluff  and  Xeill's  Eddy  Landing  collections  have  been  made  which 
show  a  fauna  rich  both  in  species  and  individuals.  •  Though  the  determina- 
tive work  is  still  far  from  complete,  it  is  already  evident  that  after  the 
deposition  of  the  Duplin  a  new  element  appeared  in  the  marine  life,  making  it 
very  distinct  from  that  of  the  Dunlin  beds.  The  prominent  genera  are  much 
the  same  in  both  faunas,  but  the  species  of  the  Waceamaw  are  for  the  most  part 
those  characteristic  of  the  Pliocene.  Among  the  Pectens,  eborens  Is  predomi- 
nant, while  the  Miocene  jefferfionius  and  its  varieties  are  rare  or  altogether 
absent.  The  prominent  Areas  are  Umula,  especially  the  variety  platyura  so 
common  In  the  Pliocene  of  the  Caloosahatchie,  Ucnosa  and  adanisi,  all  of  which 
have  been  reported  from  the  Miocene,  but  have  not  been  known  to  flourish  in 
that  formation.  A.  riistica  and  scalarina,  reliable  diagnostics  of  the  Pliocene, 
are  present  in  very  limited  numbers.  Of  the  Dosinias,  cicgans  is  the  common 
species;  of  the  MuJinias,  lateralis.  CrassateUites  undulatus,  hitherto  supposed 
to  mark  the  Miocene,  is  present,  but  only  rarely,  fiihhessii  being  the  dominant 
form.  Eehinoehama  areinella  and  Semele  ?>eWa,  which  make  their  appearance 
in  the  Yorktown,  become  increasingly  numerous.  The  Cardiums  present  a 
distinctly  Pliocene  aspect,  the  Miocene  C.  Jaqnetum  and  C.  acuWaqueatum  being 
absent,  while  C.  rohnstinn,  C.  suhlineatum,  and  C.  eminonsi  frequently  occur. 
Among  the  Corhulas  the  later  species,  harratiana.  cuneata,  and  contract  a  are 
the  common  ones,  while  inaequalia  lias  become  rare.  The  characteristic  Mio- 
cene gastropod  TuniteUa  variabilis  has  been  replaced  by  the  more  recent 
TufTitella  suhannuJata.  One  specimen  of  CaneeUaria  carolinensis,  which  has 
been  supposed  to  be  confined  to  the  Miocene,  was  collected  at  Neill's  Eddy 
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Landing.  This,  however,  Is  a  rare  form  limited  in  its  range  to  the  Cape  Fear 
and  west  Florida.  The  much  more  widespread  horizon-markers  of  the  Mio- 
cene— Ecphora  quadricostata  and  Fulgur  maximum  var.  incile,  both  of  which 
occur  in  Duplin  County,  have  not  been  reported  from  the  Waccamaw.  Pyrula 
papyratia,  a  typical  Caloosahatchie  form,  is  not  uncommon  in  the  marl  at 
Xeill's  Eddy  Landing.  Caecum,  a  genus  which  first  appears  in  the  York  town, 
is  represented  by  three  species — fioridanum,  previously  reported  from  the 
Duplin  beds,  the  Caloosahatchie  Pliocene,  and  the  Recent  cooperi  from  the 
Cape  Fear  River,  the  Pliocene  of  Shell  Creek,  and  the  Recent;  and  carolinia- 
num  from  the  Caloosahatchie.  Dentalium  attcnuatum,  so  abundant  through- 
out the  Miocene  formation,  seems  to  have  disappeared.  A  large  number  of 
minute  forms  have  been  determined  which  have  not  previously  been  reported 
from  below  the  Pliocene.  They  do  not  however,  furnish  reliable  criteria  for 
correlation,  since  they  would  he  overlooked  in  any  but  the  most  detailed  ex- 
amination of  a  fauna.  The  determinations  are  not  sufficiently  advanced  at 
present  to  warrant  a  computation  of  the  percentages  of  recent  forms  occur- 
ring in  the  Waccamaw  along  the  Cape  Fear,  but  it  is  confidently  expected  that 
more  complete  investigations  will  bear  further  testimony  to  the  Pliocene  age 
of  the  beds. 

"The  paleontologic  evidence  for  assigning  the  Waccamaw  beds  to  the  basal 
Pliocene  is  equally  convincing.  The  fauna  represents  an  early  Pliocene  facies 
in  which  a  few  of  the  more  stable  Miocene  forms  have  survived  in  greatly 
diminished  numbers,  while  many  of  the  species  which  are  to  become  prominent 
in  the  later  Pliocene,  such  as  the  Area  rustica  and  A.  scalarina,  are  only  just 
beginning  to  make  their  appearance.  While  it  may  seem  to  be  a  mixed  fauna, 
this  Is  more  obvious  in  the  lists  than  in  the  collections,  for  in  the  former  all 
species  are  equally  prominent,  while  In  the  latter  the  forms  suggestive  of  tbe 
Miocene  and  of  the  middle  and  upper  Pliocene  are  inconspicuous  elements. 

**The  Waccamaw  River  beds  of  South  Carolina  were  some  years  ago  tenta- 
tively correlated  by  Dr.  William  H.  Dall  of  the  Smithsonian  Institution  with  the 
Caloosahatchie  marls,  the  accepted  standard  of  comparison  for  the  east  coast 
Marine  Pliocene.  The  Waccamaw  was  at  that  time  supposed  to  represent  a 
cooler-water  fauna  than  the  Caloosahatchie,  and  by  this  hypothesis  their 
rather  striking  dissimilarity  was  explained.  From  Dr.  Dall's  work  published 
in  Bulletin  37  of  the  V.  S.  National  Museum  and  from  later  unpublished 
data  generously  lonned  to  the  writer,  It  appears  that  fully  IMCr  of  the  Wacca- 
maw species  represented  In  the  Recent  seas  are  living  south  of  the  Ilatteras 
axis.  This  would  indicate  that  the  Waccamaw  fauna  Is  distinctly  subtropical 
in  character  and  that  tlie  difference  In  the  general  facies  is  due  to  a  range, 
not  in  latitude,  but  in  time. 

"The  correlation  of  the  North  Carolina  Waccamaw^  with  that  of  South  Caro- 
lina Is  based  larj^^ly  on  the  similarity  of  the  fauna  from  the  Cape  Fear  River 
localities  to  that  from  Tilley's  Lake,  Waccamaw  River,  the  only  undoubted 
Warcamaw  inatcu'ial  whirli  has  been  convenient  for  consultation.  The  bvo 
faunas  are  \\i)i,  however,  identical,  the  former  being  the  more  profuse  and 
dlversifiecl. 

"Cf)nditioiis  along  the  Cape  Fear  at  the  advent  of  the  Pliocene  seem  to  have 
been  unusually  favorable  for  the  development  both  of  the  individual  and  the 
specif^s.    Pectcn  chorcus  attained  an  altitude  of  136  mm.  and  an  equal  longitude 
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and  OHva  Utter ata  a  maximum  longitude  of  82  mm.  The  old  species  present 
many  and  numerous  variations  and  new  species  seem  to  be  in  the  process  of 
evolution. 

"The  facies  presented  in  the  Cape  Fear  region  can  be  readily  interpreted  by 
tlie  hypothesis  which  Dr.  Paul  Bartsch  from  his  extensive  study  of  the  Pyra- 
midellidae^  believes  to  hold  good — ^that  it  is  the  *optimum  condition  that 
weakens  specific  bonds  and  tends  to  throw  an  organism  into  the  so-called 
"state  of  flux." ' 

"It  seems  not  improbable  that,  with  the  initiation  of  the  Pliocene  and  the 
consequent  warming  of  the  waters,  conditions  for  marine  life  became  too  favor- 
able for  the  equilibrium  of  a  fauna  adapted  to  the  cooler  waters  of  the  Mio- 
cene. Rapid  development  ensued,  and  these  localities  became  a  center  of  radia- 
tion of  later  Pliocene  faunas.  If  this  hypothesis  be  correct,  a  careful  study 
of  the  fauna  should  reveal  many  precursors  of  later  Pliocene  forms.  Some 
have  already  been  found,  and  it  seems  rather  certain  that  future  study  will 
yield  results  interesting  both  to  the  geologist  and  biologist." 

Dr.  William  H.  Dall  of  the  Smithsonian  Institution  in  the  Wagner 
Free  Institute  Transactions,  vol.  3,  pt.  2,  pp.  213-217,  has  given  the 
results  of  his  study  of  the  Croatan  fauna.  Although  small  collections 
have  subsequently  been  made  from  the  Slocum's  Creek  locality,  no  de- 
terminative work  has  been  done  upon  them.  Dr.  Dallas  list  includes  96 
moUuscan  species.  Among  the  diagnostic  post-Waccamaw  species  may 
be  noted  Plicatula  gibbosa  Lamarck,  Area  pexata  Say,  Area  ponderosa 
Say,  Area  campechiensis  Dillwyn,  Diplodonia  svhglobosa  C.  B.  Adams, 
Ensis  americana  Gld.,  Rangia  grayi  Conrad,  Labiosa  eanaliculata  Say, 
Bamea  cos  tat  a  L.,  and  Urosalpinx  dnereus  Sav.  Of  the  significance  of 
their  range  he  writes: 

"In  the  case  of  the  Croatan  beds  we  lind  35  uncharacteristic  (Miocene  to 
recent)  species,  with  6  new  or  doubtful  forms.  We  have  2  characteristic  Plio- 
cene species,  with  11  hitherto  known  as  recent.  Of  the  55  with  known  range, 
47  are  known  as  Pliocene  or  younger,  and  8  as  of  Pliocene  or  older  horizons. 

"The  Croatan  beds  are  obviously  newer  than  those  of  the  Waccamaw,  yet 
when  compared  with  the  admitted  Pleistocene  beds  of  South  Carolina,  such  as 
those  of  Simmon's  Bluff,  the  presence  on  the  Neuse  of  41  out  of  96  species 
which  have  not  been  known  later  than  the  Pliocene  forbids  us  to  regard  the 
fauna  as  later  than  Pliocene." 

LAFAYETTE  FORMATION. 

The  Lafayette  formation  of  North  Carolina  is  poorly  developed  and 
the  deposits  are  largely  confined  to  a  relatively  narrow  belt  along  the 
eastern  margin  of  the  Piedmont  Plateau,  where  they  are  found,  as  has 
already  been    described,   in    somewhat   isolated   and  highly   dissected 
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patches,  resting  for  the  most  part  directly  on  the  crystalline  rocks.  In 
the  absence  of  fossils,  physical  criteria  alone  are  available  for  the  cor- 
relation of  the  Lafayette  formation. 

The  materials  are  very  similar  in  character  to  those  found  in  de- 
posits regarded  as  Lafayette,  both  to  the  north  and  south  of  North 
Carolina.  The  structure  and  composition  of  the  strata  are  character- 
istic, and  Trhen  to  these  is  added  the  position  of  the  beds  at  a  high  ele- 
vation along  the  eastern  margin  of  the  Piedmont  belt,  it  is  evident  that 
the  formation  can  only  be  correlated  with  the  deposits  regarded  as 
Lafayette  in  adjacent  areas. 

Although  the  remnants  of  the  formation  in  !N'orth  Carolina  are  so 
dissected  and  isolated  as  to  make  it  impossible  to  recognize  the  ancient 
terraced  surface  which  is  still  found  preserved  in  other  districts  and 
which  can  oftentimes  be  followed  over  considerable  areas  in  Virginia 
and  Maryland,  still  the  strata  are  so  similar  to  the  Lafayette  elsewhere 
and  so  unlike  the  deposits  of  earlier  or  later  formations  that  there  seems 
little  reason  to  doubt  that  they  represent  the  great  Lafayette  formation 
described  as  extending  throughout  the  Atlantic  and  Gulf  districts. 

The  age  of  the  Lafayette  formation  is  in  much  doubt.  From  its 
known  stratigraphic  relations  it  is  younger  than  the  latest  Miocene 
beds  and  probably  younger  than  the  marine  Pliocene,  likewise.  These 
earlier  beds  were  apparently  subjected  to  a  long  interval  of  erosion  be- 
fore the  deposition  of  the  Lafayette  began.  Again,  after  the  close  of 
the  Lafayette,  it  is  probable  that  an  extensive  epoch  of  erosion  occurred 
before  the  Columbia  deposits  of  Pleistocene  age  were  laid  down.  The 
position  of  the  Lafayette  is  therefore  between  the  marine  beds  of  Plio- 
cene age  and  the  oldest  deposits  of  recognized  Pleistocene  age.  The 
Lafayette  formation  is  therefore,  in  all  probability,  of  late  Pliocene  or 
early  Pleistocene  age.  The  consensus  of  opinion  hitherto  has  been  in 
favor  of  the  former  interpretation,  but  in  the  absence  of  fossils  it  is 
practically  impossible  to  reach  a  positive  conclusion.  It  is  evident  that 
more  adequate  evidence  must  be  secured  before  the  question  can  be 
regarded  as  settled.  In  any  event,  it  seems  certain  that  all  of  the  ma- 
terials referred  by  geologists  to  the  Lafayette  are  not  of  the  same  age, 
and  since  Berry  has  shown^  that  the  type  locality  in  Lafayette  County, 
Mississippi,  is  of  Eocene  age,  it  would  seem  that  a  new  name  was 
demanded  for  the  high-level  surficial  deposits  of  the  Atlantic  border 
which  have  hitherto  been  referred  to  the  Lafayette  and  which  were 
earlier  named  Appomattox  by  McGree. 
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TABLE   SHOWING   CORRELATION   OF  MIOCENE   AND   PLIOCENE  FORMATIONS. 


Pliocene. 


Miocene 


Long  Island     | 

AND  Southern        New  Jbrkey. 
New  England.  \ 


Maryland  1 

AND  Virginia. 

Delaware.  ' 


North 
Carolina. 


"Lafayette"    ''Lafayette"  i  "Lafayette." 

Waccamaw. 


Yorktown . 


Yorktown- 
Duplin. 


Long  Island  and     Cohansey  and 
Martha's  Vine-  Beacon  Hill, 

yard  deposits.       i 


St.  Marys 
Choptank 


St.  Marys  _.    St.  Marys. 


Kirkwood Calvert Calvert. 


COHARIE  FORMATION. 

The  Coharie  formation,  like  the  Lafayette  formation,  can  only  be 
correlated  on  the  basis  of  physical  criteria.  The  Coharie  terrace,  which 
is  best  developed  in  the  more  southern  counties  of  the  belt,  where  it 
occupies  a  position  below  the  Lafayette  and  above  the  Sunderland, 
gradually  disappears  northward.  The  Coharie  terrace  has  been  traced 
southward  into  South  Carolina,  but  its  extent  and  relations  are  imper- 
fectly known. 

The  age  of  the  Sunderland  and  later  terraces  has  been  generally 
recognized  as  Pleistocene,  and  it  is  probable  that  the  Coharie  should 
also  be  regarded  as  of  Pleistocene  age.  The  fossil  leaves  found  in  the 
Sunderland  farther  north  belong  mostly  to  living  species,  while  the 
relatively  small  physical  changes  that  have  occurred  indicate  that  the 
deposits  cannot  be  older  than  Pleistocene.  Whether  they  represent  the 
earliest  phase  of  Pleistocene  deposition  has  not  been  settled,  and  cannot 
be  until  the  age  of  the  Lafayette  formation  is  finally  determined. 

SUNDERLAND  FORMATION. 

The  Sunderland  formation  is  more  extensively  developed  than  the 
Coharie  and  its  surface  has  suffered  less  from  erosion  than  has  the 
former.  Its  location  both  in  reference  to  higher  and  lower  terraces  and 
the  fact  that  it  can  be  traced  northward  into  the  Sunderland  formation 
of  Maryland  shows  that  it  must  be  regarded  as  the  equivalent  of  the 
latter.  The  escarpment  separating  the  Sunderland  terrace  from  the 
Wicomico  can  be  clearly  traced  from  North  Carolina  across  Virginia 
into  Maryland,  where  the  relations  were  first  observed  and  described. 

The  materials  and  surface  characteristics  of  the  Sunderland  terrace 
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in  Xorth  Carolina  are  likewise  similar  to  those  of  the  Sunderland  of 
more  northern  areas,  the  amount  of  erosion  being  much  more  extensive 
than  in  the  lower-lying  and  later  Wicomico  terrace. 

WICOMICO  FORMATION. 

The  Wicomico  formation  is  correlated  with  the  formation  so  named 
in  Virginia  and  Maryland  because  it  can  be  traced  with  unimportant 
breaks  all  the  way  from  Xorth  Carolina  across  Virginia  and  Mary- 
land, into  the  valley  of  the  Delaware,  enwrapping  the  older  Pleistocene 
deposits  and  extending  as  reentrants  into  the  older  formations.  Fur- 
thermore, throughout  this  long  distance  it  maintains  much  the  same 
elevation  with  respect  to  sea  level.  Its  surface  has  also  suffered  much 
less  from  erosion  than  the  older  formations,  the  physiographic  fea- 
tures, therefore,  presenting  much  the  same  appearance  throughout  the 
entire  area.    The  materials  likewise  are  on  the  whole  less  decayed. 

The  few  plant  fossils  found  in  the  Wicomico  formation  belong  essen- 
tially to  living  species,  although  in  a  few  instances  they  seem  to  be 
ancestral  types  that  have  since  become  differentiated  into  those  living 
to-day  in  the  sand  barrens  and  in  the  upland  country.  The  differences, 
however,  are  so  slight  that  there  is  no  question  of  the  flora  as  a  whole 
being  referred  to  late  Pleistocene  time. 

CHOWAN   FORMATION, 

The  Chowan  formation  can  be  followed  as  a  terrace  enwrapping  the 
Wicomico  terrace  across  Virginia  into  Maryland,  where  it  and  the  next 
lower  terrace  have  been  described  as  the  Talbot  formation.  In  the  ex- 
treme southeastern  part  of  Maryland  not  far  from  the  ocean  front  a 
low  escarpment  is  described^  extending  from  Berlin  to  Newark,  which 
may  perhai)s  represent  the  separation  betw^een  two  subordinate  or  sec- 
ondary terraces  within  the  Talbot  terrace.  These  two  subordinate 
plains  are  possibly  the  Chowan  and  Pamlico  plains,  which  are  much 
more  extensively  developed  to  the  southward  and  which  have  been  traced 
across  Xorth  Carolina  into  Virginia,  the  lower  terrace  gradually  nar- 
rowing until  it  becomes  an  insignificant  feature  in  southeastern  Mary- 
land. 

The  Chowan  terrace  has  the  same  general  elevation  above  tide  as 
the  main  body  of  the  Talbot  formation  farther  north,  its  materials  and 
surface  features  likewise  being  similar.  The  terrace  has  been  but  lit- 
tle dissected  throughout  the  entire  area,  swamps  and  other  evidences  of 
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imperfect  drainage  being  common,  although  this  feature,  first  promi- 
nently occurring  on  the  Wicomico,  becomes  even  more  marked  in  the 
case  of  the  still  younger  Pamlico  terrace. 

PAMLICO  FORMATION. 

The  Pamlico  formation  is  the  latest  and  lowest  of  the  Pleistocene 
terrace  formations  and  can  be  traced  as  a  broad  lowland  of  slight  ele-: 
vation  into  southern  Virginia,  gradually  narrowing  northward  until  it 
becomes  reduced  in  Maryland  to  a  limited  area  in  the  southeastern  por- 
tion of  that  State,  where  it  was  recognized,  but  described  as  a  member 
of  the  Talbot  formation.  As  already  stated,  the  Chowan  and  Pamlico 
formations  have  been  combined  in  Maryland  and  Virginia  under  the 
name  of  the  Talbot  formation. 

The  surface  of  the  Pamlico  formation  everywhere  gives  evidence  of 
recent  origin  and  has  been  but  little  modified  by  the  forces  of  erosion. 
The  fossil  shells  as  well  as  leaves  show  but  few  difiFerences  from  living 
species,  and  the  formation  evidently  represents  a  very  late  phase  of 
Pleistocene  deposition. 

TABLE  SHOWING  CORRELATION  OF  PLEISTOCENE  FORMATIONS. 


Delaware  and 
Mahyland. 

Virginia. 

1 

1  North  Carolina. 

t 

Talbot 

Talbot 

1 
Pamlico. 

1  Chowan. 

Wicomico 

Wicomico 

_-'  Wicomico. 

Sunderland 

Sunderland 

. .    Sunderland. 

1 

Coharifi. 

■ 

RECENT  FORMATIONS. 

The  Recent  formations  consist  of  beaches,  sandbars,  sand  spits,  sand 
dunes,  etc.  The  Recent  deposits  are  found  chiefly  bordering  the  coast, 
the  estuaries,  and  the  streams.  Beaches  of  varying  character  line  the 
coast  of  the  sea  and  estuaries,  and  sandbars  and  spits  are  found  where 
the  currents  of  the  present  day  have  built  up  such  deposits.  The  sand 
dimes  are  found  scattered  at  various  points  along  the  coast.  Similar 
dunes  are  found  farther  to  the  northward  in  Virginia  and  Maryland, 
although  of  far  less  extent  than  in  North  Carolina.  Along  the  streams 
flood  plains  have  been  developed  and  along  the  hillsides  the  wash  of  the 
land  has  caused  much  change  in  its  configuration. 

Similar  Recent  formations,  with  certain  differences  based  on  the  un- 
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derlying  deposits  and  climatic  changes,  are  found  throughout  the 
coastal  border.  Very  few  fossils  are  found,  although  here  and  there 
shells  of  marine  organisms  and  fossil  plants  are  entombed  in  the  de- 
posits. 
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CHAPTER  I. 


HISTORICAL   REVIEW. 

Previous  to  the  investigations  furnishing  the  materials  for  this  re- 
port very  little  systematic  study  had  been  made  of  the  water  resources 
of  the  Coastal  Plain  of  Xorth  Carolina,  or  of  the  conditions  governing 
their  availability  for  domestic  and  manufacturing  purposes.  The 
volume  of  the  literature  on  the  subject  is  therefore  small,  and  with  a 
few  exceptions  consists  of  brief  references  to  or  descriptions  of  springs, 
wells,  municipal  water  supplies,  etc.  On  the  following  pages  will  be 
found  a  brief  review  of  the  more  important  contributions,  and  in  the 
bibliography  which  follows  references  to  the  less  important  contribu- 
tions are  included. 

Denison  Olmsted^  prophesied  in  1825  that  if  means  could  be  found 
to  penetrate  the  deposits  of  the  Coastal  Plain  to  depths  of  100  feet  or 
more,  much  finer  water  could  be  obtained  than  that  fumislied  bv  slial- 
low  wells. 

The  first  record  of  an  attempt  to  obtain  water  for  domestic  purposes 
by  deep  boring  is  that  of  a  well  at  Edenton  described  by  Elisha 
Mitchell^  in  1827.    Apparently  no  water  was  obtained. 

The  underground  circulation  in  the  limestones  (Eocene)  underlying 
Jones,  Duplin,  and  Onslow  counties,  the  occurrence  of  sinks  in  this 
limestone,  and  the  issuance  of  springs  from  its  cavities  are  briefly  de- 
scribed by  Prof.  W.  C.  Kerr^  in  his  report  of  1875. 


1  "Report  on  the  Geology  of  North  Carolina,  conducted  under  the  direction  of  the  Board  of 
AKriculture,"  Part  II,  November,  1825. 

Papers  on  agricultural  subjects  and  Professor  Olmsted's  Report  on  the  Geology  of  North 
Carohna.  published  by  order  of  the  Board  of  Agriculture,  Part  II,  pp.  87-141,  8  vo.,  Raleigh, 

'"Report  on  the  Geology  of  North  Carolina,  conducted  under  the  direction  of  the  Board  of 
Agriculture,'*  Part  III,  November,  1827,  27  pp. 

'"Report  of  the  Geological  Survey  of  North  Carolina."     Vol.  1,  Raleigh,  1875,  325+120  pp. 
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In  his  report  on  the  mineral  springs  of  the  United  States,  published 
in  1886,  A.  C.  Peale^  includes  in  his  list  of  mineral  springs  of  North 
Carolina  a  number  from  the  Coastal  Plain  counties.  Analyses  are 
given  of  the  water  from  a  number  of  them. 

In  his  report  of  1893,  Prof.  J.  A.  Holmes^  discusses  the  liability  to 
pollution  of  the  waters  obtained  from  shallow  wells  and  springs  and 
lays  particular  stress  upon  the  probability  of  contamination  in  the 
case  of  water  from  such  sources  in  the  flat  Coastal  Plain  regions.  He 
discusses  veiy  briefly  the  probability  of  obtaining  potable  waters  from 
deeper  sources  in  many  parts  of  the  Coastal  Plain. 

The  first  systematic  account  of  the  artesian  resources  of  the  Coastal 
Plain  is  that  of  N".  H.  Darton^  published  in  1896.  The  geologic  condi- 
tions in  North  Carolina  are  briefly  summarized  and  a  list  is  given  of  39 
wells  ranging  in  depth  from  50  to  495  feet.  This  is  followed  by  a 
brief  account  of  the  artesian  conditions  in  each  of  the  Coastal  Plain 
counties  so  far  as  known  at  the  time  of  the  publication  of  the  report. 
The  data  on  which  the  report  is  based  are  credited  to  Prof.  J.  A. 
Holmes,  who  was  at  that  time  State  Geologist  of  North  Carolina. 

The  report  of  the  North  Carolina  Board  of  Health  for  1895-'967 
includes  a  description  of  the  source  of  public  supply  at  Fayetteville 
(pp.  67-68).  In  the  same  report  (pp.  177-180)  Dr.  Julian  M.  Baker 
discusses  the  liability  to  pollution  of  shallow  well  waters,  and  recom- 
mends the  use  of  deep  artesian  wells  where  possible. 

Professor  Holmes^  in  his  report  of  1898  mentions  the  desirability 
of  obtaining  artesian  water  supplies  in  the  Coastal  Plain.  He  also 
refers  briefly  to  the  unsuccessful  attempt  of  the  Clarendon  Waterworks 
Company  to  obtain  potable  water  by  drilling  to  a  depth  of  500  feet, 
and  to  successful  attempts  at  Hope  Mills,  Cumberland  County,  and  in 
Eobcson,  Bladen,  Columbus,  Craven,  Hyde,  Edgecombe,  New  Hanover, 
and  other  counties.  He  explains  the  difficulty  of  predicting  whether 
or  not  good  waters  can  be  obtained  at  given  localities,  and  gives  rea- 
sons why  failures  have  in  places  been  experienced. 

The  same  author,  the  following  year,  1899,^  gives  a  full  account  of 
the  second  unsuccessful  attempt  of  the  Clarendon  Waterworks  Com- 
pany at  Wilmington  to  obtain  an  artesian  supply  of  potable  water  by 


«Bull.  U.  S.  Geol.  Survey.  No.  32,  1886,  235  pp. 

iFirst  Biennial  Report  of  the  State  Geologist  (of  North  Carolina),  1891-1892.     Raleigh,  1893, 
111  pp. 

6Bull.  U.  S.  Geol.  Survey,  No.  138,  1896.  232  pp. 

""Municipal  Water  Supplies."    Sixth  Biennial  Report  of  the  North  Carolina  Board  of  Health. 
1895-1896.     Winston,  1897,  pp.  66-84. 

^Biennial  Report  of  the  State  Geologist  (of  North  Carolina).  1897-1898.    Raleigh,  1898.  28  pp. 

9 Jour.  Elisha  Mitchell  Sci.  Soc,  July-Dec,  1899,  pp.  67-70.     Science,   n.  s.,  vol.  2,  1900,  pp. 
128-130. 
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deep  drilling.  The  well  was  sunk  entirely  through  the  deposits  of  the 
Coastal  Plain  and  entered  underlying  granite  at  a  depth  of  1,109  feet. 
•Flowing  artesian  horizons  were  encountered  at  various  depths  from 
379  feet  to  the  granite  bedrock,  but  in  each  case  the  content  of  sodium 
chloride  (common  salt)  and  other  salts  was  so  high  as  to  render  the 
water  unfit  for  use. 

In  the  report  of  the  ISTorth  Carolina  Board  of  Health  for  1897-'98, 
the  public  supplies  at  Goldsboro,  Wilson,  ISTew  Bern,  Wilmington,  and 
Fayetteville  are  briefly  discussed.  Analyses  of  many  well  and  spring 
waters  are  given.  The  report  of  this  board  for  1899-1900^^  gives' many 
analyses  of  well  and  spring  waters  of  the  Coastal  Plain  and  describes 
the  sources  of  public  supply  of  a  number  of  the  larger  towns  of  this 
region. 

In  its  report  for  1901-1902^^  is  included  information  concerning 
the  public  supplies  of  a  number  of  the  larger  eastern  towns  and  cities, 
similar  to  that  furnished  by  the  preceding  reports. 

The  geologic  and  artesian  conditions  of  the  North  Carolina  Coastal 
Plain  were  briefly  described  by  M.  L.  PuUer^^  in  1905,  and  a  list  of 
39  deep  wells  given. 

The  State  Board  of  Health  in  its  report  for  1903-190413  quotes  in 
full  a  law  passed  by  the  General  Assembly  of  1903,  entitled  "An  act 
to  protect  water  supplies." 

In  1906,  M.  L.  FuUeri^  described  several  wells  near  Wilmington  and 
Southport  which  when  first  drilled  yielded  a  saline  water,  but  which, 
after  flowing  or  being  pumped  for  a  short  time,  became  fresh.  He  con- 
cludes that  a  well  should  not  necessarily  be  regarded  as  a  failure  if 
the  first  water  it  yields  is  of  a  saline  character. 

In  1906  the  records  of  three  Xorth  Carolina  wells  were  given  by 
M.  L.  Fuller  and  Samuel  Sanford,^^  the  first  at  Kinston,  Lenoir 
County,  the  second  at  Fort  Caswell,  New  Hanover  County,  and  the 
third  at  Pinehurst,  Moore  County. 

In  1907,  Gerald  McCarthy^*^  described  briefly  the  artesian  conditions 
existing  in  eastern  Xorth  Carolina.  He  gives  directions  as  to  how  to 
secure  artesian  supplies  and  discusses  means  for  keeping  in  order  wells 
that  have  already  been  drilled. 


"Eighth  Biennial  Report  of  the  North  Carolina  Board  of  Health,  1899-1900.     Raleigh,  1900, 
pp.  99-126, 

"Ninth  Biennial  Report  of  the  North  Carolina  Board  of  Health,  1901-1902.     Raleigh,  1902, 
pp.  83-103. 

"North  Carolina  Water-supply  and  Irrigation  Paper,  No.  114,  U.  S.  Geol.  Survey,  1905.  pp.  136- 
139.  1  fig. 

»"Tenth  Report  of  the  North  Carolina  Board  of  Health.  1903-1904. 

"U.  S.  Geol.  Survey.  Water  Supply  and  Irrigation  Paper,  No.  160,  1906,  pp.  96-99. 

"Bull.  U.  S.  Geol.  Survey,  No,  298.  1906,  pp.  245-246. 

"Bull,  of  North  Carolina  Board  of  Health,  vol.  22,  No,  1,  April,  1907,  pp.  1-14,  6  figs. 
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BIBLIOGRAPHY  OF  UNDERGROUND  WATERS. 

Abert,  S.  T. — Survey  of  a  Line  to  Connect  the  Waters  of  the  Xeuse  and  Cape 
Fear  Rivers  in  yorth  Carolina,  and  of  a  Line  to  Connect  the  Waters  of 
Norfolk  Harbor,  in  VirginiGj  tcith  the  Waters  of  the  Cape  Fear  River  at 
or  Xear  Wilmington,  X.  C.  Senate  Ex.  Doc,  No.  35,  44th  CoDgress,  1st 
Session. 

Includes  records  of  borings  at  Norfolk,  Va.,  Edentou,  N.  C,  Clubfoot 
and  Ilarlowe's  Creek  Canal  in  Beaufort  and  Carteret  counties.  N.  C. 
(PP.  IG-IS). 

Baker.  Julian  M. — *' Mai  aria  and  Its  Prevention  in  Eastern  Carolina.'*  Sixth 
Biennial  Report  of  the  North  Carolina  Board  of  Health,  1805-1S06.  Win- 
ston, 1S97;  pp.  177-180. 

I'ndorground  water  conditions  briefly  described. 

Bartram,  William. — Travels  Through  North  and  South  Carolina,  Georgia, 
East  and  West  Florida,  the  Cherokee  Countrg,  etc.  Philadelphia.  1701. 
522  pp.,  G  pi.  and  map.     London  ed.,  1794. 

Notes  (.'haiyb^^ato  cliaracter  of  .wflter  issuing  from  laminated  beds  at 
Ashwood  on  the  Cape  Fear  River,  N.  C.  (pp.  474-47o). 

Dali^  W'.  II.,  and  Harris,  G.  D. — Neocene.    Bull.  U.  S.  Geol.  Survey,  No.  S4, 
1S92.  'Mi)  pp. 
Describes  the  "natural  well"  in  Duplin  County,  N.  C.   (pp.  72-73). 

Darton.  N.  II. — Artesian  Well  Prospects  in  the  Atlantic  Coastal  Plain  Region. 
Bull.  r.  S.  Geol.  Survey,  No.  138,  1800,  232  pp. 

The  conditions  in  North  Carolina  are  discussed  by  counties.  Geologic 
section  and  several  well  records  given   (pp.  190-207). 

Norfolk  Folio.     Virginia-North   Carolina.     Geol.  Atlas  of  U. 

S.,  folio  No.  S().  r.  S.  Geol.  Survey.  1002,  4  pp. 

Contains  a  lu-ief  reference  to  the  underground  water  conditions  in  the 
North  Carolina  portion  of  tlie  Norfolk  quadrangle. 

Dartox,  N.  II.-  -Prcliwinar!/  List  of  Deep  Borings  in  the  United  States,  Part 
II  (\vbrusla  to  Wiffnningj.  Water-supply  and  Irrigation  Pai)er,  No.  61, 
r.  S.  (Jcoj.  Survey,  10()2,  07  pp. 

Contains  data  rcjjjnrding  deep  wells  at  Wilmington,  Selma,  and  Wrights- 
villo.  N.  C.  (J).  2(h. 

Prrli}tiinar}j    List    of   Deep    Borings   in    the    United    States. 


Second  edition,  with  additions.     Water-supply  and  Irrigation  Paper,  No. 
140.  r.  S.  (ifol.  Survey,  lOOo.     175  pp. 

Conliiins  dsitn  rcLrnrding  wells  at  Sanford,  Wilmington,  Selma,  aud 
Wri-htsville.  N.  i\   (p.  04). 

Kmmons,  Ki5i:xkzkr — North  Carolina  Geological  Survey,  Part  //.  Agriculture. 
('oniMininir  descriptions,  witli  many  analyses,  of  the  soils  of  the  swamp 
IjiikIs.     linl(M<,'li.  isru.  IK")  \)\). 

SiMt<'s  tli.it  Ilyde  Connty  is  only  a  few  feet  above  tide;  **too  few  to  give 
deiitii  to  wells,  jiiid  licncc,  water  for  cooking  is  supplied  mainly  from 
cisterns  restinj;  (»n  tiie  ground"  (p.  27).  Gives  a  few  brief  descriptions 
of  niincrjil  si»rini:s  jind  well  waters  near  Raleigh  (pp.  92-9.5). 
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FuLLEB,  M.  L. — North  Carolina.  Water-supply  and  Irrigation  Paper,  No.  114, 
V.  S.  Geol.  Survey,  1905,  pp.  130-139,  1  fig. 

Describes  briefly  the  artesian  conditions  of  the  Coastal  Plain  and  gives 
list  of  wells.  Lists  the  principal  mineral  springs  and  publications  on 
underground  waters  of  the  State. 

FuLLEB,  M.  L. ;  Lines,  E.  F.,  and  Veatch,  A.  C. — Record  of  Deep-tcell  Drill- 
ing for  190/f,     Bull.  U.  S.  Geol.  Survey,  No.  2G4,  1905,  106  pp. 

Gives  depth,  driller,  and  year  completed  of  city  well,  Kinston,  N.  C. 
(pp.  60-61). 

Biblioifraphic  Revicic  and  Index  of  Papers  Relating  to  Unr 

derground  Waters^  PuUiahed  hy  the  U.  S,  Geol.  Survey,  1879-1904.    Water- 
supply  and  Irrigation  Paper,  No.  120.  U.  S.  Geol.  Survey,  1905,  128  pp. 

References  to  the  underground  waters  of  North  Carolina  are  indexed 
under  North  Carolina. 

Fuller,  M.  L. — Instances  of  Improvement  of  Water  in  Wells,  U.  S.  Geol. 
Survey,  Water-supply  and  Irrigation  Paper.  No.  160,  1906,  pp.  96-99. 

Descriptions  are  given  of  several  wells  near  Wilmington  and  Southport, 
N.  C,  which,  yielding  saline  water  at  first,  have  later  become  fresh. 
Concludes  that  a  well  should  not  necessarily  be  regarded  as  a  failure  if 
only  salt  water  is  obtained  at  the  start. 

Fuller,  M.  L.  ;  Clapp,  F.  G.  ;  Johnson,  B.  L. — Bibliographic  Review  and  In- 
dex of  Underground  Water  Literature  Published  in  the  United  States  in 
1906.  Water-supply  and  Irrigation  Paper,  No.  163,  U.  S.  Geol.  Survey, 
1906,  130  pp. 

Publications  relating  to  North  Carolina  underground  waters  indexed 
under  North  Carolina. 

FuLi.£R,  M.  L.,  and  Sanford,  Samvel — Record  of  Deep-tcell  Drilling  for  1905. 
Bull.  U.  S.  Geol.  Survey,  No.  298,  1906,  299  pp. 

Records  are  given  of  deep  wells  at  Kinston,  Pinehurst,  and  Fort  Cas- 
well, N.  C.  (pp.  245-246). 

Fuller,  M.  L. — Summary  of  the  Controlling  Factors  of  Artesian  Flows.  V.  S. 
Geol.  Survey  Bull.,  No.  319,  1908,  p.  18. 

Notes  the  occurrence  of  originally  included  sea  waters  in  beds  pene- 
trated in  wells  near  Wilmington,  N.  C. 

Fulton,  Hamilton — Report  of  Sundry  Surveys  made  by  Hamilton  Fulton, 
Esq.y  State  Engineer,  agreeably  to  certain  instructions  from  Judge  Mur- 
phey,  Chairman,  etc.,  and  Submitted  to  the  General  Assembly  at  their 
Session  in  1819.     Raleigh.     Printed  by  Thomas  Henderson,  1810. 

Locates  the  "poplar  springs"  near  the  Lumber  River  at  the  lowest  point 
of  the  ridge  between  that  river  and  the  Cape  Fear  at  Fayetteville  (p.  35). 

Hodge,  James  T. — Observations  on  the  Secondary  and  Tertiary  Formations 
of  the  Southern  Atlantic  States.  Amer.  Jour.  Sci.  (1st  ser.),  vol.  41,  1841, 
pp.  332-344.  Also,  in  "Reports  of  the  First.  Second,  and  Third  Meetings 
of  the  Association  of  American  Geologists  and  Naturalists,  1840-1842." 
Boston,  1843 ;  pp.  94-111. 

Describes  the  "natural  wells*'  in  Duplin  County.  N.  C.  Also  mentions 
the  issuing  of  springs  from  the  limestone  in  Jones  County. 

22 
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Holmes,  J.  A. — First  Biennial  Report  of  the  State  Geologist  (of  North  Caro- 
lina), 1891-1892.     Raleigh,  1893;  111  pp. 

Discusses  the  liability  to  pollution  of  the  shallow  wells  in  the  Coastal 
Plain.  Briefly  summarizes  the  results  obtained  by  the  State  Geological 
Survey  in  the  investigation  of  the  artesian  condition  In  the  Coastal  Plain 
of  North  Carolina  (pp.  13-14,  23). 

Holmes.  J.  A. — Biennial  Report  of  the  State  Geologist  (of  North  Carolina) , 
1893-1894.     Raleigh,  1804;  15  pp. 

Brief  reference  to  the  work  of  the  North  Carolina  Greologlcal  Survey  on 
the  artesian  waters  of  the  Coastal  Plain  of  that  State  (p.  11). 

Holmes,  J.  A. — Biennial  Report  of  the  State  Geologist  (of  North  Carolina)^ 
1895-1896.     Raleigh,  ISfiG ;  17  pp. 

Brief  reference  to  the  work  of  the  North  Carolina  Geological  Survey  on 
the  artesian  waters  of  the  Coastal  Plain  of  that  State  (p.  14). 

Holmes,  J.  A. — Biennial  Report  of  the  State  Geologist  (of  North  Carolina), 
1897-1898.     Raleigh,  1808 ;  28  pp. 

Notes  the  examination  of  the  mineral  springs  of  the  State  by  the  N.  C. 
Geological  Survey  (pp.  10-20).  The  artesian  water  supplies  of  the  Coastal 
Plain  are  briefly  considered,  references  being  made  to  several  wells 
(pp.  20-22). 

Holmes,  J.  A. — The  Deep  Well  at  Wilmington,  N.  C,  Jour.  Elisha  Mitchell 
Scl.  Soc,  July-Dec,  1800,  pp.  07-70.  Also  given  in  Science,  n.  s.,  vol.  11, 
1000,  pp.  128-130. 

Gives  considerable  data  regarding  the  flowing  salt  well  of  the  Claren- 
don Waterworks  Company,  Wilmington,  N.  C. 

Holmes,  J.  A. ;  von  Herkmax,  C.  F.  ;  Swain,  G.  F. — Water-power  in  North 
Carolina  As  Influenced  Hy  Physiographic  Conditions.  Bull.  No.  8,  N.  C. 
Geol.  Survey,  1800,  Part  I,  pp.  17-8S. 

Brief  reference  to  the  springs  in  the  sandhills  of  North  Carolina  (p.  79). 

Holmes,  J.  A. — Biennial  Report  of  the  State  Geologist  (of  North  Carolina), 
1899-1900.    Raleigh,  1000;  20  pp. 

Describes  briefly  the  work  of  the  members  of  the  North  Carolina  Geo- 
logical Survey  in  the  examination  of  tlie  mineral  waters  of  the  State 
and  in  the  investigation  of  the  artesian  water  supplies  In  the  Coastal 
Plain  of  North  Carolina  (p.  14). 

Holmes,  J.  A. — Biennial  Report  of  the  State  Geologist  (of  North  Carolina), 
1901-1902.     Raleigh,  1002;  15  pp. 

Notes  use  of  topographic  maps  of  the  eastern  counties  of  North  Carolina 
in  the  study  of  the  underground  water  conditions  (p.  12). 

Holmes,  J.  A. — Biennial  Report  of  the  State  Geologist  (of  North  Carolina), 
1903-190.',.     Raleigh,  1005;  32  pp. 

Notes  the  need  of  topographic  maps  in  the  study  of  the  underground 
water  supplies  in  the  Coastal  Plain  of  North  Carolina  (p.  17). 

Kebr.  W.  C. — Report  of  the  Geological  Survey  of  North  Carolina.  Vol.  1, 
Raleigh.  1875;  325+120  pp. 
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Brief  description  of  the  underground  circulation  in  the  limestones  under- 
lying Jones,  Duplin,  and  Onslow  counties,  and  the  occurrence  of  sinks  and 
limestone  springs  in  the  counties  noted  (pp.  12-13).  Analyses  of  several 
well  and  spring  waters  are  given  (pp.  30G-311). 

Lawson,  John — A  New  Voyage  to  Carolina:  containing  the  exact  description 
and  natural  history  of  that  country,  together  with  the  Present  State 
thereof  and  a  Journal  of  a  Thousand  Miles  Travel'd  through  several 
Nations  of  Indians.  Giving  a  particular  account  of  their  customs,  man- 
ners, etc.    London,  1709. 

Describes  wood  encountered  at  a  depth  of  26  feet  in  digging  a  well. 
Refers  the  burial  of  the  wood  to  the  "deluge"  (pp.  169-170). 

LuDix)w,  J.  L. — (Municipal  Water'  Supplies)  Ninth  Biennial  Report  of  the 
North  Carolina  Board  of  Health,  1901-1902,     Raleigh,  1902 ;  pp.  83-103. 

Considerable  data  regarding  public  supplies  in  the  Coastal  Plain  of 
North  Carolina  given. 

McCarthy,  Gerald — Ground  and  Deep  Waters  of  North  Carolina,  Bulletin 
of  North  Carolina  Board  of  Health,  Vol.  22,  No.  1,  April,  1907,  pp.  1-14, 
6  figs. 

Artesian  conditions  in  the  Coastal  Plain  described.  Several  analyses  of 
Coastal  Plain  well  waters  given. 

McCarthy,  Gerald — The  Purification  of  Public  Water  Supplies.  Pamphlet, 
8  pp.,  1907. 

Gives  the  standard  of  quality  used  by  the  North  Carolina  State  Labora- 
tory of  Hygiene.  Compares  the  death  rate  from  typhoid  fever  in  towns 
classified  according  to  kinds  of  water  supply.  Discusses  methods  of 
purifying  and  filtering  water. 

McCarthy,  Gerald — Report  of  Biologist;  Tenth  Report,  Nerth  Carolina  Board 
of  Health,  pp.  31-34. 

States  that  five  water  companies  in  the  State  obtain  their  supply  from 
deep  wells,  and  urges  the  general  abandonment  of  shallow  wells  for  deep 
wells. 

Mitchell,  Elisha — Report  on  the  Geology  of  North  Carolina,  conducted  under 
the  direction  of  the  Board  of  Agriculture.     Part  3,  Nov.,  1827,  27  pp. 

Source  of  Lumber  River  in  sandhill  springs  noted  (p.  9).  Natural  well 
in  Duplin  County  described  (p.  13).  Section  of  boring  at  Eden  ton,  N.  C, 
given  (p.  13). 

Mitchell,   Elisha — On  the  Character  and  Origin  of   the  Low   Country  of 
North  Carolina.    Amer.  Jour.  Sci.,  1st  ser.,  vol.  13,  1828,  pp.  336-347. 
Describes  the  natural  well  in  Duplin  County  (p.  339). 

Newell,  F.  H. — Report  of  Progress  of  the  Division  of  Hydrography  for  the 
Calendar  Year  1895.    Bull.  U.  S.  Geol.  Survey,  No.  140,  1896,  356  pp. 
Mentions  the  springs  of  the  sandhill  region  of  North  Carolina  (p.  65). 

Neweli^  F.  H. — Report  of  Progress  of  Stream  Measurements  for  the  Calendar 
Year  1902.  Part  II,  southern  Atlantic,  eastern  Gulf,  and  Great  Lakes 
drainage.  Water-supply  and  Irrigation  Paper,  No.  83,  U.  S.  Geol.  Survey, 
1893,  304  pp. 

Discusses  the  storage  of  water  and  possible  loss  by  subterranean  flow 
from  sand  belt  of  the  Cape  Fear  basin,  N.  C.  (pp.  30,  60). 
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N.  C.  BoASD  or  Health — ^'Municipal  Water  Supplies.**  Sixth  Biennial  Report 
of  the  North  Carolina  Board  of  Health,  1895-1896.  Winston,  1897;  pp. 
50-84. 

The  source  of  the  public  supply  of  Fayetteville  is  described;  on  page 
67  several  analyses  are  given  of  Coastal  Plain  well  waters. 

N.  C.  BoABD  OP  Health — "T/ie  Public  Water  Supplies  of  the  State:*  Seventh 
Biennial  Report  of  the  North  Carolina  Board  of  Health,  1S97-1S9S.  Ra- 
leigh, 1809 ;  pp.  44-78. 

Gives  data  regarding  the  public  supplies  at  Goldsboro,  Wilson.  New  Bern. 
Wilmington,  and  Fayetteville.  Many  chemical  analyses  of  well  and  spring 
waters  are  given. 

N.  C.  BoABD  OF  Health — '^Municipal  Water  Supplies,"  Eighth  Biennial  Re- 
port of  the  North  Carolina  Board  of  Health,  1899-1900.  Raleigh,  1900; 
pp.  99-126. 

Several  of  the  public  supplies  in  the  Coastal  Plain  are  described,  with 
analyses.  Many  analyses  are  given  of  well  and  spring  waters  of  the 
Coastal  Plain. 

N.  C.  Board  of  Health— Te/i/Zi  Report,  IdOS-lOOJf.  State  laws  of  North  Caro- 
lina relative  to  pollution  of  wells  and  springs  given  (p.  79). 

Olmsted,  Denison — Letter  dated  June,  1821,  to  Board  of  Internal  Impron- 
ments.  Annual  Report  of  the  Board  for  Public  Improvements  of  North 
Carolina  to  the  General  Assembly,  November  26,  1S21.  together  with  Mr. 
Fulton's  reports  to  the  board  and  other  papers  in  relation  to  the  improve- 
ments of  the  State.     Raleigh,  1821. 

Mr.  Olmsted  describes  the  advantages  which  would  result  from  a  study 
of  the  geology  of  the  State.  States  that  '*The  nature  of  mineral  springs 
already  celebrated  might  be  investigated,  and  others  which  appear  to  be 
valuable  made  known"  (pp.  65-07). 

Olmsted,  Denison — Report  on  the  Geology  of  Xorth  Carolina,  conducted  under 
the  direction  of  the  Board  of  Agriculture.     Part  II.    Nov.,  1825. 

I'apers  on  agricultural  subjects  and  Professor  Olmsted's  report  on  the 
geology  of  North  Carolina,  published  by  order  of  the  Board  of  Agriculture. 
Part  2,  Raleigh,  1827,  pp.  87-141,  S  vo.  Reviewed  in  Amer.  Jour.  Sol.  (1st 
ser.),  vol.  14,  1S28,  pp.  230-251. 

Gives  record  of  materials  passed  through  In  Clubfoot  and  Harlowe 
Spring  Canal  (pp.  88-89).  Brief  reference  to  mineral  springs  in  Wayne 
and  Craven  counties  (p.  101).  Also  notes  that  the  wells  of  the  Coastal 
Plain  district  are  rarely  if  ever  walled,  the  compactness  of  the  clays 
forming  the  natural  walls  preventing  caving.  Prophesies  a  much  finer 
kind  of  water  if  means  could  be  found  to  iwnetrate  to  a  depth  of  a  hun- 
drtHl  feet  or  more  (p.  101). 

Peale,  a.  C. — Natural  Mineral  Waters  of  the  United  States.  Fourteenth  Ann. 
Ropt,  T'.  S.  Geol.  Survey,  1S1I2-98,  Part  2,  pp.  49-88. 

Gives  the  flow  of  the  Alum  and  Panacea  Springs  in  North  Carolina  (p 
00).  A  list  of  the  minora!  spring  resorts  of  North  Carolina  is  also  given 
(pp.  85-86). 
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Peale,  a.  C. — Lists  and  Analyses  of  the  Mineral  Springs  of  the  United  States, 
Bull.  r.  S.  Geol.  Survey,  No.  32,  1885,  235  pp. 

Gives  the  analyses  and  data  regarding  flow  and  temperature  of  several 
springs  In  the  Coastal  Plain  of  North  Carolina  (pp.  74-78). 

Pratt,  Joseph  Hyde — The  Mining  Industry  in  North  Carolina  During  1907, 
with  a  Special  Report  on  the  Mineral  Waters,  Economic  Paper  No.  15, 
N.  C.  Geol.  and  Economic  Survey,  1908,  176  pp. 

Gives  descriptions,  analyses,  and  data  regarding  rate  of  flow  and  temper- 
ature of  several  springs  in  the  Coastal  Plain  region  of  North  Carolina  (pp. 
74-146). 

Swain.  George  F..  and  Holmes,  J.  A. — Water-poicer  in  North  Carolina  East  of 
the  Blue  Ridge.    Bull.  No.  8,  N.  C.  Geol.  Survey,  1899,  pp.  89-230. 

Notes  occurrence  near  Goldsboro  of  several  small  spring  streams  (p. 
125).  Storage  of  yvater  in  the  sandhills  and  its  value  in  regulating  flow 
of  the  sandhill  streams  discussed,  using  Rockflsh  Creek  as  an  example 
(pp.  138-140). 

SURFACE  WATERS. 

The  investigations  fumisliing  the  data  for  this  report  were  not  car- 
ried on  with  a  view  to  determining  the  availability  of  surface  waters 
as  a  source  of  supply  for  domestic  or  other  purposes.  In  the  separate 
coimty  reports,  however,  in  cases  where  stream  waters  are  now  being 
utilized  for  municipal  supplies,  they  are  discussed  briefly.  It  may  be 
stated  that  the  use  of  such  waters  is  practicable  in  almost  all  parts  of 
the  Coastal  Plain.  If  used,  however,  except  under  the  most  favorable 
natural  conditions,  they  should  be  subjected  to  processes  of  filtration 
designed  to  remove  suspended  matter,  including  organic  matter  of 
whatever  origin,  but  especially  that  derived  from  sewage. 

UNDERGROUND  WATERS. 
SOURCES    OF   THE   UNDERGROUND    WATERS. 

Rainfall  is  the  source  of  the  circulating  underground  waters  of  the 
region  under  consideration.  It  is  probable  that,  because  of  the  low 
relief  and  the  prevalence  of  sandy  soils  in  the  N'orth  Carolina  Coastal 
Plain,  85  per  cent  or  more  of  the  water  which  falls  upon  the  surface 
is  absorbed  by  the  soil  and,  with  the  exception  of  a  relatively  small 
amount  which  is  appropriated  by  the  roots  of  plants,  finds  its  way 
downward  into  the  underlying  materials.  The  remaining  portion 
which  does  not  take  this  course  either  runs  off  to  the  sea  by  gravity 
on  the  surface  or  passes  by  evaporation  into  the  atmosphere. 

In  the  deeply  buried  beds  of  the  Coastal  Plain,  at  depths  exceeding 
in  different  places  from  250  to  500  feet,  the  included  waters  probably 
were  not  derived  directly  from  rainfall  by  downward  percolation  from 
the  surface,  but  constitute  originally  included  sea  waters  which  were 
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confined  in  the  deposits  at  the  time  they  were  being  laid  down  on  the 
bottom  of  the  sea.  These  deep-seated  waters  do  not  circulate,  due  to 
conditions  the  attempted  explanation  of  which  will  be  given  later,  but 
have  remained  practically  at  a  standstill  since  the  time  of  their  inclu- 
sion. 

PRINCIPLES  AND  CONDITIONS  CONTROLLING  THE  STORAGE  AND  CIRCULA- 
TION OF  UNDERGROUND  WATERS  OF  THE  NORTH  CAROLINA  COASTAL 
PLAIN.^ 

The  materials  of  the  Coastal  Plain  of  North  Carolina  consist  of  a 
great  series  of  sedimentary  deposits,  for  the  most  part  unconsolidated, 
which  rest  upon  a  gently  sloping  surface  of  ancient  rocks.  In  the 
Piedmont  Plateau  region  the  latter  form  the  surface  materials  and 
along  its  eastern  border  have  elevations  of  from  400  to  500  feet.  Their 
surface  here  dips  to  the  eastward  beneath  the  sediments  of  the  Coastal 
Plain,  forming  a  gentle^ slope  which  passes  gradually  to  greater  and 
greater  depths  in  the  coastward  direction.  Along  the  immediate  coast 
this  surface  lies  at  depths  of  1,000  feet  and  more  below  sea  level.  A  con- 
tour map  of  the  buried  surface  of  the  basement  rocks,  with  contour  inter- 
vals of  500  feet,  has  been  prepared  by  B.  L.  Johnson.  (See  map,  Plate 
XXIX.)  Little  is  known  of  its  extension  out  beneath  the  ocean,  but  it 
probably  reaches  at  least  as  far  as  the  edge  of  the  Continental  shelf. 
By  referring  to  the  geologic  section  (Plate  XXX,  opposite  p.  343), 
it  will  be  observed  that  the  sediments  of  the  Coastal  Plain  resting  upon 
this  rock  surface  consist  of  a  succession  of  clay,  sand,  and  in  part  of 
limestone  beds  which  dip  at  a  slight  angle  to  the  surface.  The  landward 
edges  of  the  lower  beds  come  almost  to  the  surface  immediately  to  the 
east  of  the  Piedmont  border,  and  the  overlying  beds  likewise  come  close 
to  the  surface  at  points  successively  farther  from  the  Piedmont  and 
nearer  to  the  coast  in  the  ascending  order  of  their  stratigraphic  posi- 
tions. Their  upper  edges  appear  to  have  been  planed  or  beveled  off, 
and  the  plain  thus  formed  to  have  been  subsequently  covered  by  nearly 
horizontal  surficial  beds  of  loam,  sand,  gravel,  and  clay. 

Water  which  falls  upon  the  surface  as  rain  is  absorbed  by  the  loams 
and  sands,  passes  through  them  by  gravity,  and  either  enters  the  imder- 
lying  inclined  beds  or  moves  off  laterally  and  escapes  as  springs  along 
the  valley  slopes.  If  these  inclined  beds  led  to  a  place  of  escape  at 
their  lower  ends  the  water  would  continue  to  gravitate  downward,  fol- 


iThe  reader  is  referred  to  the  following  papers  treating  of  general  artesian  conditions  and 
principles: 

Chamberlin,  T.  C,  The  ReqriisUc  and  Qualifying  Conditions  of  Artesian  Wells.    Fifth  Ann. 
Rept.  U.  S.  Geol.  Survey.  1885,  pp.  125-173. 

Fuller,  M.  L.,  Summary  of  the  Controlling  Factors  of  Artesian  Flows.    U.  S.  Geol.  Survey. 
BuU.  No.  319,  1908,  42  pp. 
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lowing  their  more  porous  layers,  and  as  rapidly  as  their  porosity  per- 
mitted would  be  drained  awav.  Under  the  conditions  that  exist,  how- 
ever,  the  mass  of  the  Coastal  Plain  materials  remains  constantly  sat- 
urated with  relatively  motionless  water  to  within  a  relatively  short 
distance  of  the  surface,  the  exact  distance  depending  upon  local  condi- 
tions. The  upper  limit  of  the  saturated  portion  is  known  as  the  water 
table. 

In  the  geologic  section  to  which  reference  was  made  above  it  will  be 
obser\'ed  that  a  great  mass  of  materials  underlying  the  region  adjacent 
to  the  coast  are  of  marine  origin.  When  these  were  deposited  they 
must  have  been  saturated  with  sea  water  to  the  extent  permitted  by 
their  porosity.  It  is  believed  that  these  beds  have  never  been  above 
sea  level,  and  that  the  salty  waters  originally  imprisoned  in  them  have 
never  had  opportunity  to  escape  from  their  confinement.  An  attempted 
representation  of  the  manner  in  which  this  imprisonment  has  been 
effected  is  given  graphically  in  Fig.  17,  p.  344.  Either  the  pressure  of 
the  sea  water,  whose  specific  gravity  is  greater  than  that  of  fresh  water 
(1.027),  upon  the  submerged  beds  of  the  Coastal  Plain,  or  the  imper- 
vious character  of  the  strata,  or  both  together,  assisted  by  the  retard- 
ing effect  of  friction,  have  been  sufficient  to  overcome  the  hydrostatic 
pressure  from  the  landward  direction.  In  places  at  least  it  is  believed 
that  not  only  has  the  pressure  of  the  ocean  water  been  sufficient  to  pre- 
vent moveipent  in  the  direction  of  the  ocean,  but  that  it  has  actually 
forced  the  salty  sea  water  backward  into  materials  which  have  origi- 
nated in  less  brackish  or  nonbrackish  water.  The  dotted  portion  of 
the  line  in  the  geologic  section,  which  indicates  the  upper  limit  of  the 
salty,  noncirculating  waters,  has  been  drawn  hypothetically,  for  the 
reason  that  no  well  data  are  obtainable  which  indicate  its  exact  posi- 
tion in  this  portion  of  the  Coastal  Plain.  The  lack  of  this  information 
is  due  to  the  fortunate  circumstance  that  where  the  data  are  wanting 
an  abundant  supply  of  good  water  can  be  obtained  in  almost  all  cases 
at  shallower  depths  than  the  postulated  upper  limit  of  salty  waters. 

This  great  body  of  noncirculating,  salty  water  serves  as  an  effectual 
barrier  to  the  passage  downward  along  the  inclined  beds  beyond  the 
limit  indicated  (see  Fig.  17,  p.  344)  of  the  waters  entering  them  from  the 
surface.  It  is  believed  that  above  this  limit  the  waters,  having  been 
prevented  from  passing  farther  down  the  beds,  are  able,  on  account  of 
the  pressure  from  the  accumulated  mass  of  water  behind  them,  to  pass 
very  slowly  oceanward  in  an  approximately  horizontal  direction 
through  not  only  the  porous  sand  beds,  but  likewise  the  less  pervious, 
compact  sand  and  clay  beds,  and  to  enter  and  mingle  with  the  ocean 
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waters.  This  horizontal  movement  is  so  slow  that  it  is  scarcely  meas- 
urable unless  the  observations,  if  it  be  possible  to  make  them,  be  car- 
ried on  for  long  periods  of  time.  But,  obviously,  the  movement  is 
sufficient  to  prevent  the  waters  from  becoming  excessively  charged  with 
dissolved  mineral  matter,  except  locally.  The  principal  evidence  of 
this  lateral  movement  is  furnished  by  the  fact  that  the  waters  remain 
relatively  fresh.  There  must  be  a  circulation  of  some  kind  in  order  to 
enable  the  waters  to  retain  their  fresh  character,  for  were  they  in  a 
static  condition  mineral  matter  would  be  dissolved  from  the  materials 
with  which  they  would  be  constantly  in  contact,  and  they  would  soon 
become  charged  to  their  maximum  limit  with  the  products  of  solution. 
The  explanation  offered  to  account  for  this  circulation  seems  to  be  the 
most  probable  one.  As  regards  its  effect  upon  hydrostatic  pressure  in 
wells,  the  lateral  ocean  ward  movement  is  so  small  as  to  be  negligible. 
From  a  practical  standpoint  the  water  may  be  regarded  as  a  stationary 
mass  under  constant  hydrostatic  pressure,  the  pressure  being  due  to  the 
fact  that  a  portion  of  the  mass  is  at  higher  levels,  and  is  prevented  from 
seeking  its  level  by  various  confining  agents. 

Although  the  mass  of  water  contained  within  the  sediments  of  the 
Coastal  Plain  is,  as  a  whole,  under  constant  hydrostatic  pressure,  only 
the  more  pervious  beds  will  yield  their  burden  of  water  with  sufficient 
ease  to  render  them  of  economic  use.  The  less  pervious  beds  serve  as 
confining  agents,  and  localize  the  hydrostatic  pressure  along  certain  lines. 
Several  of  the  ways  in  which  pressure  is  thus  localized  are  shown  in  Fig. 
18,  p.  346.  Letter  c  indicates  a  porous  sand  layer  between  two  relatively 
impervious  clay  layers  in  which  the  downward  passage  of  the  water 
is  prevented  by  the  heavier  stationary  salty  water  which  fills  the  lower 
end  of  the  stratum  to  the  level  of  h;  letter  A  indicates  communicating 
sand  lenses  within  a  body  of  materials  consisting  mainly  of  less  per- 
vious, thinly  laminated  clay  and  sand  layers,  in  which  the  do^^^lward 
percolating  waters  are  obstructed  by  the  heavy  salty  waters  filling  the 
mass  below;  letter  e  indicates  a  porous  sand  stratum  pinching  out  be- 
tween two  relatively  impervious  clay  layers  which  obstruct  downward 
movement;  letter  /  indicates  a  layer  of  porous  sand  changing  to  com- 
pact, impervious  sand  or  clay,  producing  the  same  result  as  the  pre- 
ceding ;  letter  g  indicates  a  porous  sand  layer  in  which  the  water  is  cut 
off  in  its  downward  passage  by  an  unconformity  and  is  confined  above 
by  a  layer  of  clay ;  the  letter  a  indicates  the  surficial  covering  of  Pleisto- 
cene deposits. 

When  one  of  these  porous  water-bearing  beds  is  i)enetrated  by  a  well 
boring,  the  water  immediately  rises  within  the  well  opening  to  some 
height  above  the  bed  itself,  the  amount  of  rise  depending  upon  the 
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sirength  of  the  hydrostatic  pressure  in  the  given  ease.  If  the  well 
opening  is  at  a  lower  level  than  the  upper  limit  to  which  this  pressure 
can  lift  the  water,  a  flowing  well  results.  In  the  North  Carolina 
Coastal  Plain  this  upper  limit,  as  a  rule,  lies  below  the  general  upland 
level  ill  any  given  region,  so  that  on  this  upper  level  flowing  wells  are 


inipOfisibJe.  It  is  a  matter  of  oommon  knowledge  among  the  inhab- 
itants that  flows  are  more  apt  to  be  obtained  when  the  well  is  located 
on  ground  lower  than  the  general  level  of  the  inunediately  surround- 
ing eountry;  that  is,  in  valleys  or  on  low  terraces. 

A  factor  not  mentioned  above  which  may  in  certain  cases  be  of  im- 
portance in  determining  the  height  to  which  water  will  rise  in  a  well 
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is  friction.  Water  under  hydrostatic  pressure  entering  the  base  of  a 
fine,  close  sand  bed  will  be  hindered  by  friction  from  rising  as  high 
as  it  would  were  it  not  thus  restrained.  When  a  pipe  is  sunk  to  the 
base  of  the  bed  this  friction  is  removed  and  the  water  rises  within  the 
pipe  to  a  higher  level  than  it  does  in  the  sand  outside  the  pipe.  This 
difference  may  in  some  cases  be  sufficient  to  produce  flows  at  the  sur- 
face. 

Another  set  of  conditions  producing  effective  hydrostatic  pressure  are 
those  shown  in  Fig.  19,  p.  348.  The  figure  represents  a  cross  section 
taken  at  right  angles  to  a  typical  Coastal  Plain  valley.  In  the  higher 
lands  shown  at  either  end  of  the  section  the  water  table  stands  higher 
than  in  the  lower  terraces  bordering  the  stream  in  the  center.  The  rela- 
tively impervious  stratum  a,  which  serves  as  the  confining  agent  for 
the  water-bearing  stratum  h,  permits  but  little  water  to  pass  downward 
through  it ;  but  the  pressure  resulting  from  the  weight  of  the  mass  of 
water  above  a  is  transmitted  downward  through  it,  producing  hydro- 
static pressure  in  h.  Wells  located  on  the  terraces,  if  sunk  deep  enough 
to  penetrate  6,  will  flow.  It  is  believed  that  many  flowing  wells  in  the 
Coastal  Plain  are  produced  by  conditions  similar  to  these. 

Other  factors  than  those  described,  such  as  temperature  and  baro- 
metric pressure,  exert  a  certain  amount  of  influence  upon  hydrostatic 
pressure,  but  these  are  believed  to  be  of  minor  importance,  since  they 
operate  merely  to  increase  or  decrease  slightly  the  effectiveness  of  that 
pressure.     They  are  therefore  omitted  from  this  discussion. 

The  upper  limit  of  the  saturated  portion  of  the  materials  making 
up  a  land  body  has  been  referred  to  as  the  water  table.  This  lies  at  a 
greater  or  lesser  distance  below  the  surface,  depending  upon  a  variety 
of  conditions,  such  as  amount  of  rainfall,  porosity  of  the  materials, 
configuration  of  the  surface,  etc.  In  the  case  of  swamps  it  coincides 
with  the  surface.  It  is  not  a  level  plain,  but  conforms  in  its  curves  to 
the  curves  of  the  surface,  though  the  degree  of  curvature  is  less.  In 
the  higher  lands  it  lies  somewhat  deeper  below  the  surface  than  it  does 
in  the  lower  lands.  I^either  does  it  occupy  a  fixed  position,  but  fluctu- 
ates in  response  to  changes  in  the  amount  of  rainfall.  During  periods 
of  excessive  rainfall  the  water  table  rises;  during  periods  of  drouth 
it  subsides.  Its  subsidence  is  due  in  part  to  the  passage  of  the  water 
downward  into  the  underlying  beds,  whence  it  moves  slowly  ocean  ward 
as  shown  in  Fig.  17,  p.  344;  but  in  much  greater  part  the  subsidence 
is  due  to  gravitational  movement  of  the  water  laterally  towards  the  sur- 
rounding valley  and  scarp  slopes,  where  it  escapes  once  more  to  the  sur- 
face in  the  form  of  springs,  and  eventually  finds  its  way  to  the  ocean 
as  surface  streams. 
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GEOLOGIC  OCCURRENCE  AND  CHARACTER  OF  THE  UNDERGROUND 

WATERS. 

BASEMENT  ROCKS. 

The  rocks  which  form  the  basement  on  which  the  deposits  of  the 
Coastal  Plain  rest  consist  in  the  main  of  ancient  crystallines  and 
met  amorphics  of  early  Paleozoic  or  Proterozoic  age.  They  are  the 
eastward  continuation  of  rocks  of  similar  kind  which  form  the  greater 
part  of  the  surface  throughout  the  Piedmont  Plateau  province.  Along 
the  northwestern  edge  of  the  Coastal  Plain  the  upper  surface  of  these 
rocks  is  very  uneven,  but  in  general  it  dips  to  the  southeast  and  passes 
gradually  deeper  and  deeper  until  along  the  immediate  coast  it  lies  At 
depths  of  1,200  to  perhaps  2,500  feet  beneath  the  present  surface.  It 
is  only  along  the  northwestern  border  of  the  Coastal  Plain  province  in 
a  belt  some  25  or  30  miles  in  width,  where  their  buried  surface  lies  at 
less  than  300  or  350  feet  below  the  present  surface,  that  these  basement 
rocks  form  an  important  source  of  water  supply.  (See  map,  Plate 
XXXI.)  The  artesian  conditions  which  they  present,  except  as  slightly 
modified  by  the  overlying  sedimentary  beds,  are  identical  with  those 
presented  by  the  rocks  of  the  Piedmont  province  proper  farther  to  the 
west.  Their  treatment  here  may  perhaps  be  regarded  as  inappropriate, 
but  since  they  lie  within  the  area  under  consideration,  a  brief  state- 
ment of  their  importance  as  water  bearers  may  not  be  out  of  order. 

In  the  belt  indicated  a  large  number  of  wells  have  been  drilled 
through  the  overlying  deposits  of  the  Coastal  Plain  into  these  base- 
ment rocks.  Many  of  them  furnish  an  abundance  of  good  water  suffi- 
cient for  use  as  municipal  supplies  and  for  steaming  purposes  in 
boilers.  Others  vield  smaller  amounts  sufficient  for  the  domestic  use 
of  one  or  more  families;  while  some  have  been  failures.  From  the 
nature  of  the  rocks  it  is  in  most  places  impossible  to  predict  the  out- 
come of  attempts  to  obtain  water  from  this  source.  In  the  case  of 
crystalline  rocks  which  show  neither  bedding  planes  nor  schistosity 
the  underground  circulation  depends  upon  the  presence  of  fissures  and 
thfe  connection  of  these  channels  either  with  the  surface  or  with  other 
water-bearing  formations,  and  obviously  the  striking  of  such  fissures 
is  more  or  less  a  matter  of  chance.  In  the  case  of  metamorphosed  sedi- 
ments in  which  the  bedding  planes  have  not  been  obliterated,  or  in 
the  case  of  rocks  possessing  well-developed  schistosity,  a  regular  sys- 
tem of  water  horizons  may  exist.  If  the  structure  of  these  rocks  can 
be  made  out  it  becomes  possible  to  predict  with  some  confidence  where 
such  horizons  will  be  encountered.     But  in  a  region  such  as  the  one 
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under  consideration,  where  the  rocks  are  concealed  for  the  most  part 
by  superimposed  sediment aries,  the  detailed  study  of  structure  is  in 
most  places  impossible. 

The  results  of  experiments  in  this  area  in  the  past  ten  or  fifteen 
years  have  shown  that  the  prospects  for  getting  a  supply  of  water  of 
potable  character  from  this  source  are  good,  although  there  is  in  the 
case  of  every  attempt  the  possibility  of  failure.  Where  supplies  from 
other  sources  are  not  available,  this  possible  source  should  not  be  left 
untested. 

By  referring  to  the  separate  accounts  of  the  water  conditions  in  the 
several  counties  within  the  belt,  detailed  information  may  be  had  re- 
garding individual  wells  which  obtain  their  supply  from  this  source. 
It  will  be  observed  that  successful  results  have  been  obtained  at  various 
places  from  one  end  of  the  belt  to  the  other.  The  largest  number  of 
wells  in  any  given  area  is  in  the  vicinity  of  Smithfield  and  Selma  in 
Johnston  County.  The  reason  for  this  lies  in  the  fact  that  this  area 
is  underlain  by  a  slate  or  phyllite  rock  possessing  definite  cleavage 
planes  along  which  the  water  is  able  to  pass,  and  experience  has  shown 
that  the  drill  seldom  fails  to  penetrate  a  horizon  at  some  depth  less 
than  300  feet  which  will  yield  moderate  to  large  amounts  of  water. 

In  nearly  all  cases  some  artesian  pressure  is  exhibited,  but  so  far  as 
known  no  wells  furnishing  sufficient  artesian  pressure  to  lift  the  water 
above  the  surface  and  produce  flows,  and  obtaining  their  supply  from 
rocks  underlying  tlie  deposits  of  the  Coastal  Plain,  have  been  drilled 
within  the  area. 

CRETACEOUS. 

Patuxent  fonnation-. — This  formation  appears  in  surface  outcrops 
in  a  long  narrow  area  running  northeast-southwest  which  extends  from 
Roanoke  River  to  the  South  Carolina  line  (see  geologic  map,  Plate 
XYII,  in  pocket).  It  rests  upon  the  uneven  surface  of  the  underlying 
basement  rocks.  The  beds  dip  gently  to  the  southeast  and  pass  uncon- 
formably  beneath  the  overlying  Black  Creek  ("Bladen")  formation,  be- 
coming deeper  and  deeper  in  the  direction  of  the  coast.  Very  little  is 
kno^vn  of  their  coastward  extension,  but  it  appears  certain  that  in  the 
region  of  the  Cape  Fear  Valley  at  least  they  do  not  extend  as  far  as 
Wilmington,  as  shown  by  the  fact  that  both  at  Wilmington  and  at  Fort 
Caswell  only  marine  beds  of  Upper  Cretaceous  age  were  encountered 
down  to  the  underlying  bedrock.  Here  at  least  they  appear  to  have 
pinched  out  beneath  the  overlying  Upper  Cretaceous  beds  and  the  base- 
ment rocks  on  which  they  rest.    In  that  part  of  the  belt  extending  from 
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the  valley  of  Contentnea  Creek  northward  the  Patuxent  ("Cape  Fear") 
beds  lie  beneath  superimposed  Miocene  beds  which  must  first  be  pene- 
trated when  seeking  to  obtain  water  from  horizons  in  the  former. 

The  area  over  which  it  is  believed  possible  to  obtain  potable  water 
from  the  beds  of  this  formation  by  means  of  borings  is  shown  on  the 
map,  Plate  XXXII.  It  includes  not  only  the  belt  of  outcrop  of  the 
formation,  but  also  an  additional  strip  lying  to  the  southeast  of  this 
belt,  where  it  is  possible  to  reach  the  beds  by  boring  through  the  over- 
lying younger  deposits.  It  is  probable  that  the  Patuxent  ("Cape  Fear") 
formation  extends  farther  coastward  than  the  limit  indicated  on  the 
map,  but  it  is  believed  that  beyond  this  limit  the  deeply  buried  waters 
are  highly  mineralized  and  undesirable  for  ordinary  domestic  and  man- 
ufacturing pui^poses. 

The  materials  of  the  Patuxent  ("Cape  Fear")  formation  consist  of 
layers  and  lenses  of  light-gray,  arkosic,  more  or  less  micaceous  sands  and 
light  to  dark  drab,  more  or  less  arenaceous  clays.  Both  the  sands  and 
clays  are  in  many  places  very  solid  and  compact  and  in  places  the  sand 
layers  are  indurated  to  form  solid  rock.  In  the  case  of  the  sand  the 
compactness  seems  to  be  due  in  the  main  to  a  filling  between  the  grains 
of  very  fine  kaolin  or  clay  particles.  However,  open  porous  layers 
occur,  and  this  is  more  especially  true  along  the  northwestern  part  of 
the  area  where  the  materials  are  in  close  proximity  to  the  basement 
rocks  from  which  they  were  derived.  The  materials  here  are  coarser 
as  a  rule,  also,  than  is  true  of  those  farther  away  from  the  Piedmont 
border.  It  is  believed,  also,  that  the  buried  basal  portion  of  the  forma- 
tion where  it  rests  upon  the  older  rocks  consists  largely  of  coarse  sands 
and  gravels. 

The  thickness  of  the  formation,  so  far  as  known,  appears  to  be 
about  300  feet.  It  may  become  somewhat  thicker,  however,  for  a  short 
distance  to  the  southeast  of  its  belt  of  outcrop. 

Experience  has  shown  that  water-bearing  beds  occur  within  this  for- 
mation. The  water,  of  course,  circulates  more  freely  in  the  more 
porous  beds.  These  may  occur  at  any  vertical  position  within  the  for- 
mation. Owung  to  the  irregularly  varying  porosity  of  the  different 
feeds  it  is  impossible  to  predict  from  surface  indications  at  any  given 
locality  at  what  depth  those  will  be  encountered  which  are  sufficiently 
porous  to  admit  of  free  circulation  of  water;  but  since  the  beds  nearer 
the  base  are  believed  to  be  in  general  more  porous  than  those  occupying 
a  higher  position,  it  would  seem  that  these  would  offer  the  more  promis- 
ing horizons;  and  in  places  at  least,  which  can  only  be  determined  by 
drilling,  they  should  furnish  very  large  supplies.  The  depths  at  which 
potable  waters  should  be  found  in  this  formation  will  vary  all  the  way 
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from  40  or  50  feet  along  the  northwestern  border  of  the  belt,  where  the 
thickness  is  limited  by  the  basement  rocks  which  lie  at  comparatively 
shallow  depths,  to  400  or  500  feet  in  the  southeastern  border.  It 
seems  probable  that  at  most  places  where  the  thickness  of  the  formation 
amounts  to  50  feet  or  more  there  will  be  at  some  depth  between  its  top 
and  base  a  sand  or  gravel  bed  sufficiently  porous  to  furnish  supplies 
for  domestic  purposes,  and  at  most  places  sufficient  supplies  should  be 
found  for  boiler,  manufacturing,  and  municipal  purposes. 

Failures  to  obtain  supplies  have  been  reported,  the  most  notable 
instances  being  those  at  Fayetteville.  In  several  wells  over  200  'feet 
of  Patuxent  ("Cape  Fear'')  beds  were  penetrated  and  underlying  base- 
ment slates  entered,  but  only  insignificant  supplies  were  encountered. 
The  failures  may  have  been  due  to  one  of  two  causes :  first,  the  beds  here 
may  be  locally  too  compact  to  permit  of  sufficiently  active  circulation  of 
waters;  or,  second,  the  drillers  may  have  sunk  the  casing  too  rapidly, 
thus  passing  by  good  water  horizons  without  detecting  them.  Should 
the  latter  be  the  true  cause  of  failure,  it  remains  onlv  for  some  careful 
and  thoroughly  competent  driller  to  apply  himself  to  the  undertaking 
in  order  that  these  waters  be  made  available  for  use.  Locally,  flowing 
wells  have  been  obtained,  as  a  rule  located  in  valleys  below  the  general 
level  of  the  surrounding  region.  Elsewhere,  force  and  suction  pumps 
are  employed  to  bring  the  water  to  the  surface. 

In  general,  within  the  limits  indicated  the  Patuxent  ("Cape  Fear'') 
waters  are  potable.  Those  from  the  region  nearest  the  Piedmont  are 
usually  very  soft  and  low  in  mineral  content.  Coastward  they  become 
somewhat  more  higlily  charged  with  mineral  matter,  although,  as  a  rule, 
not  excessively  so.  Locally,  the  content  of  iron  is  high,  as  at  Red 
Springs  in  Robeson  County,  and  in  ma»y  places  sodium  bicarbonate  is 
present  in  greater  or  lesser  amount. 

The  water  conditions  in  the  separate  counties  within  this  area  are 
treated  in  detail  elsewhere  in  this  report. 

BlacJc  Creek  formation, — The  area  of  surface  outcrop  of  this  forma- 
tion extends  with  increasing  width  from  Tar  River  in  Pitt  County, 
where  it  is  only  a  few  miles  wide,  to  the  South  Carolina  line,  where  its 
width  is  30  or  more  miles.  (See  geologic  map,  Plate  XVII,  in  pocket.) 
The  formation  rests  unconformably  upon  the  eroded  surface  of  the 
Patuxent  ("Cape  Fear")  formation.  The  beds  have  in  general  a  gentle 
dip  to  the  southeast.  They  pass  conformably  beneath  the  marine  beds 
of  the  Peodee  ("Burches  Ferry")  formation,  reaching  greater  and 
greater  depths  in  the  direction  of  the  coast.  The  depth  of  the  upper 
surface   of  the   formation   beneath   the   surface  has  been   determined 
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approximately  at  two  places  near  the  coast,  the  first  at  Wilmington, 
where  it  was  encountered  at  720  feet,  and  at  Fort  Caswell,  where  it 
was  reached  at  1,140  feet. 

The  area  over  which  potable  waters  may  be  obtained  from  horizons 
in  the  formation  includes,  in  addition  to  the  area  of  outcrop,  a  strip 
lying  to  the  southeast  of  this  belt,  where  the  beds  may  be  reached  by 
drilling  through  the  overlying  Peedee  (*'Burches  Ferry")  and  younger 
beds.  (See  map,  Plate  XXXIII.)  It  is  not  probable  that  potable 
waters  can  be  found  in  the  formation  after  it  passes  to  greater  depths 
than  400  feet  beneath  the  surface,  for  at  such  depths  highly  saline 
waters  are  apt  to  be  encountered. 

The  materials  of  the  formation  are,  variable  in  their  character,  both 
horizontally  and  vertically.  For  the  most  part,  they  consist  of  fine, 
laminated,  micaceous  sands  and  clays,  nearly  everywhere  lignitic  and 
pyritiferous.  Wherever  extensive  outcrops  occur  it  is  observed  that 
thick  lenses  of  medium  to  fine,  but  as  a  rule  loose  sands,  are  present  in 
some  part  of  the  exposure,  and  this  feature  is  worthy  of  especial  note 
as  regards  the  importance  of  the  formation  as  a  water  bearer,  for  it  is 
these  sand  phases  which  serve  as  the  principal  reservoirs  and  chan- 
nels for  the  circulating  waters.  Marine  greensand  and  calcareous 
layers  become  interstratified  with  the  shallower  water  phases  in  the 
upper  part  of  the  formation.  The  thickness  of  the  formation  reaches 
several  hundred  feet,  perhaps  500  or  600,  in  the  region  of  the  Cape 
Fear  Valley,  but  becomes  thinner  towards  the  northeast.  It  is  impor- 
tant as  a  source  of  artesian  supply  throughout  that  portion  of  both  its 
horizontal  and  vertical  extent,  which  does  not  pass  below  the  upper 
limit  of  the  deeper,  noncirculating  salty  waters,  which,  it  is  believed, 
will  be  reached  at  most  places  at  depths  of  from  350  to  450  feet.  The 
securing  of  a  good  supply  of  water,  however,  will  depend  upon  whether 
or  not  the  drill  happens  to  penetrate  a  sand  lens  or  layer  which  is  of 
sufficient  extent  or  which  has  connection  with  other  sufficiently  large 
similar  lenses  or  layers  to  permit  of  a  free  circulation  of  the  waters; 
and  the  amount  of  the  supply  will  depend  upon  the  freedom  of  this  cir- 
culation— that  is,  upon  the  number  and  upon  the  communications  exist- 
ing between  the«e  porous  sand  phases.  Experience  has  shown  that  inex- 
haustible supplies  may  be  tapped  at  many  places. 

Along  the  northwestern  part  of  the  belt  where  this  formation  over- 
laps upon  the  Patuxent  ("Cape  Fear")  formation  the  thickness  is  of 
course  .«light,  and  the  drill  may  in  many  cases  pass  through  the  Black 
Creek  formation  without  encountering  a  water  horizon,  and  enter  the 
underlying  Patuxent   ("Cape  Fear")   formation.     As  the  beds  thicken 

to  the  southeast,  however,  the  chance  for  obtaining  supplies  increases. 
23 


354  THE  COASTAL  PLAIN  OF  NORTH  CAROLINA. 

In  most  cases,  where  the  thickness  -exceeds  50  feet,  water  in  fair  quantity 
is  apt  to  be  encountered,  and  at  depths  exceeding  100  feet  very  large 
amounts  are  in  many  cases  obtained. 

The  height  to  which  the  water  will  rise  in  the  wells  varies  greatly 
in  the  different  parts  of  the  area,  depending  upon  a  variety  of  condi- 
tions w^hich  sen'e  as  controlling  factors  in  artesian  pressure.  As  a 
rule,  however,  flows  are  obtained  only  on  ground  whose  surface  is 
lower  than  the  general  level  of  the  surrounding  region. 

With  occasional  exceptions,  the  quality  of  the  water  obtained  from 
the  Black  Creek  ("Bladen")  formation  is  at  least  fairly  potable,  and 
much  of  it  is  excellent.  Iron  and  sulphur  in  various  combinations  are 
•  the  two  most  abundant  mineral  constituents  in  the  waters.  In  places 
iron  is  present  in  excessive  amounts,  rendering  the  water  unpalatable. 
The  presence  of  these  two  constituents  is  not  surprising  when  it  is  re- 
membered that  iron  sulphide  in  the  form  of  pyrite  or  marcasite,  or 
both,  is  almost  universally  present  throughout  the  beds  of  the  forma- 
tion. In  the  upper  part  of  the  formation  marine  calcareous  beds  are  in 
places  intercalated  between  the  laminated  portions,  and  wells  drawing 

on  waters  which  come  in  contact  with  these  calcareous  lavers  will  be 

t.' 

high  in  lime,  and  therefore  hard. 

Peedee  sand. — Beds  of  the  Peedee  formation  outcrop  in  a  belt  ex- 
tending from  Greenville  in  Pitt  County  southwestward  to  the  South 
Carolina  line.  At  the  former  place  the  width  is  probably  less  than*  a 
mile,  but  it  gradually  widens  to  the  southwest,  amounting  to  about  40 
miles  at  its  southern  extremity.  (See  geologic  map,  Plate  XVII,  in 
pocket.)  The  formation  rests  conformably  upon  the  underlying  Black 
Creek  formation.  The  beds  dip  gently  to  the  southeast  and  along  most 
of  the  southeastern  border  of  the  belt  of  outcrop  pass  unconformably 
beneath  overlying  Eocene  limestones. 

The  materials  are  almost  entirely  of  marine  origin.  They  consist 
of  grayish  or  greenish-gray  sands,  as  a  nile  more  or  less  micaceous  and 
glauconitic,  and  dark  marine  clays.  The  sand  layers  are  in  places  in- 
durated, the  cement  being  either  calcium  or  silica.  Fossil  shells  are 
common  throughout  the  beds,  rendering  them  as  a  rule  more  or  less 
calcareous.  The  importance  of  the  formation  as  an  aquifer  would 
not  be  suspected  from  the  nature  of  the  materials  as  they  appear  in 
most  of  the  surface  exposures,  for  they  are  as  a  rule  of  close,  compact 
texture,  apparently  unfavorable  for  water  circulation.  But  well  bor- 
ings at  many  places  have  shown  tliat  loose-textured,  porous  sand  lay- 
ers are  present,  and  in  fact  some  of  the  most  important  water  horizons 
in  the  Coastal  Plain  are  furnished  bv  this  formation. 
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The  area  over  which  potable  waters  in  the  beds  of  the  formation 
may  be  reached  by  borings  is  shown  on  the  map,  Plate  XXXIV.  It  in- 
cludes not  only  the  area  of  outcrop,  but  also  an  additional  strip  to  the 
southeast  several  miles  in  width,  where  the  beds  may  be  reached  by 
drilling  through  the  overlying  beds  of  Eocene  limestone. 

The  Peedee  sand  has  a  thickness  at  Wilmington  of  at  least  720  feet, 
and  at  Fort  Caswell  of  not  less  than  886  feet,  as  shown  by  deep  bor- 
ings. It  is  probable  that  a  comparable  thickness  exists  at  other  places 
along  the  coast,  although  over  much  of  the  eastern  and  northeastern 
part  of  the  State  the  terrane  is  deeply  buried  beneath  superimposed  Ter- 
tiary beds.  Water-bearing  horizons  exist  at  intervals  throughout  the 
vertical  extent  of  the  formation;  but,  unfortunately,  at  depths  exceed- 
ing 250  to  400  feet,  according  to  location,  the  waters  from  these  hori- 
zons are  so  highly  charged  with  sodium  chloride  (common  salt)  and 
other  salts,  at  least  so  far  as  tests  have  been  made,  as  to  render  them 
utterly  unfit  for  use.  But,  on  the  other  hand,  fortunately,  at  most 
places  within  the  area  horizons  of  potable  water  exist  above  those  which 
are  excessively  saline.  A  very  large  number  of  wells  have  been  drilled 
to  these  horizons,  especially  in  Columbus  and  New  Hanover  counties, 
and  also  in  Brunswick,  Pender,  Duplin,  Lenoir,  and  other  counties. 
Flows  have  been  obtained  at  many  places.  Where  flows  do  not  occur 
the  water  as  a  rule  rises  near  enough  to  the  surface  to  be  within  the 
reach  of  ordinary  hand  force  or  suction  pumps. 

In  general,  the  waters  from  above  the  lower  limits  mentioned  are  of 
a  very  satisfactory  quality.  As  a  rule,  they  are  somewhat  mineralized, 
but  only  locally  is  the  mineral  content  excessive.  Calcium  and  iron 
are  the  principal  minerals  present,  and  in  a  few  places  one  or  both 
of  these  are  present  in  such  large  amount  as  to  render  the  waters  un- 
palatable. 

For  detailed  information  regarding  the  artesian  conditions  in  va- 
rious parts  of  the  area  under  consideration,  the  reader  is  referred  to 
the  separate  county  discussions  published  elsewhere  in  this  report. 

TERTIARY. 
EOCENE. 

Trent  formation. — The  extent  of  the  area  in  which  the  strata  refer- 
able to  this  formation  appear  in  surface  outcrops  has  been  determined 
only  approximately.  It  includes  portions  of  Craven,  Jones,  and  Onslow 
counties,  with  a  few  isolated  areas  in  the  counties  to  the  westward  be- 
tween !N'euse  and  Cape  Fear  rivers,  which  are  unimportant  as  water 
bearers.     (See  geologic  map,  Plate  XVII,  in  pocket.) 
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The  materials  of  the  formation  consist  of  calcareous  marls,  fossilifer- 
ous  limestones,  and  fine-grained,  siliceous  sandstones.  The  maximum 
thickness  of  the  formation  is  thought  to  be  about  140  or  150  feet.  The 
formation  rests  unconformably  upon  Upper  Cretaceous  strata  belonging 
to  the  Peedee  formation.  The  strata  dip  slightly  to  the  southeast.  To 
the  southward  the  formation  is  believed  to  pass  unconformably  be- 
neath the  Castle  Hayne  formation  of  the  Eocene,  and  is  believed  to 
have  been  encountered  in  well  borings  in  'Sew  Hanover  County.  To 
the  northeast  it  passes  unconformably  beneath  Miocene  strata.  Over 
much  of  the  area  the  formation  is  covered  by  thin,  surficial  Pleistocene 
deposits. 

Inexhaustible  supplies  are  available  from  the  porous,  sandy  strata 
intercalated  within  the  limestones,  and  probably  also  to  some  extent 
from  solution  channels  and  caverns  within  the  limestones  themselves. 
These  horizons  have  been  tapped  at  Jacksonville  in  Onslow  County, 
at  Trenton  in  Jones  County,  at  New  Bern  in  Craven  County,  at  "Wash- 
ington in  Beaufort  County,  and  to  a  limited  extent  at  intermediate 
points. 

In  quality  the  Trent  waters  are,  with  very  few  exceptions,  hard  to 
a  greater  or  lesser  degree,  due  to  the  presence  of  calcium  carbonate  in 
solution.  In  places  the  hardness  is  not  excessive.  Elsewhere  it  be- 
comes so  excessive  as  to  render  the  waters  unpalatable,  and  unfit  for 
laundry,  boiler,  and  manufacturing  purposes  unless  subjected  to  special 
chemical  treatment.  Iron  salts  are  present  in  many  of  the  waters  and 
in  some  cases  the  amount  is  excessive.  Unfortunately,  over  much  of 
this  area,  including  parts  where  some  of  the  larger  towns  are  situated, 
as  at  Jacksonville,  Trenton,  Isew  Bern,  and  Washington,  no  other  source 
of  potable  artesian  waters  is  available,  for  by  deeper  drilling  hori- 
zons of  water  high  in  sodium  chloride  (common  salt)  would  in  all 
probability  be  encountered.  It  remains,  therefore,  for  the  people  to 
make  the  best  use  possible  of  this  water,  which  though  rendered  ob- 
jectionable in  places  by  its  lime  content,  is  nevertheless  obtainable  in 
unlimited  quantities.  It  is  possible  and  practicable  by  proper  chemi- 
cal treatment  to  remove  a  large  percentage  of  the  calcium  and  iron 
salts,  and  thus  to  render  the  water  much  more  satisfactory  than  in  its 
natural  state.  Under  the  head  of  the  separate  counties  the  detailed 
water  conditions  of  local  areas  have  been  discussed  elsewhere  in  this 
report. 

The  area  in  which  potable  waters  may  be  obtained  from  Eocene 
strata,  including  both  the  Trent  and  the  younger  Castle  Hayne  for- 
mation, is  shown  on  the  map  (Plate  XXXV). 


I 
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Castle  Hayne  formation. — Limited  outcrops  of  this  formation  occur 
ill  southeastern  Pender,  Xew  Hanover,  and  eastern  Brunswick  coun- 
ties, with  possibly  a  few  isolated  areas  to  the  westward  which  are  un- 
important as  water  bearers.  (See  geological  map,  Plate  XVII,  in 
pocket  at  back  of  Pt.  I.) 

The  materials  of  the  Castle  Hayne  formation  consist  of  calcareous 
marls  and  fossiliferous  limestones,  with  intercalated  porous  sand  layers. 
Where  exposed,  the  base  consists  of  a  phosphatic  conglomerate  several 
foot  in  thickness.  The  probable  maximum  thickness  of  the  formation 
is  given  as  50  feet. 

The  formation  in  its  area  of  outcrop  rests  with  a  marked  uncon- 
formity upon  the  Peedee  formation  of  the  Upper  Cretaceous;  but 
ooastward  it  is  thought  that  the  Trent  formation  of  the  Eocene  is 
intercalated  between  the  Poedee  and  Castle  Hayne  formations.  The 
formation  is  overlain  unconfonnably  by  thin  remnants  of  Miocene 
beds  and  by  surficial  Pleistocene  deposits.  The  Castle  Hayne  strata 
dip  slightly  to  the  southeast. 

The  porous  sandy  strata  intercalated  within  the  harder  limestone 
beds  in  places  furnish  large  supplies  of  potable  water.  It  is  probable, 
also,  that  solution  channels  in  the  limestone  furnish  reservoirs  of  some 
importance.  These  horizons  have  been  utilized  in  the  eastern  part  of 
Xew  Hanover  County. 

Owing  to  the  calcareous  nature  of  the  containing  beds,  the  waters 
from  this  source  all  carry  greater  or  lesser  amounts  of  calcium  carbonate 
in  solution  and  are  consequently  hard.  The  4^gree  of  hardness  varies, 
being  as  a  rule  not  excessive.  In  some  places,  however,  the  hardness 
is  sufficient  to  render  the  water  undesirable  for  laundry  and  boiler 
puq)Oses. 

On  account  of  the  lithologic  similarity  of  this  formation  to  the 
older  Eocene  formation,  the  Trent,  and  also  on  account  of  the  fact 
that  the  two  formations  have  not  been  differentiated  with  any  degree 
of  accuracy  either  geographically  or  stratigraphically,  and  also  from 
the  further  consideration  that  the  quality  of  the  water  furnished  by 
each  is  practically  the  same,  it  has  seemed  best  to  indicate  on  the  map 
the  area  over  which  potable  waters  may  be  obtained  from  Eocene 
strata  including  both  of  the  formations  in  question.  The  map  shows 
not  only  the  area  of  outcrop  of  Eocene  strata,  but  the  additional  area 
to  the  east  and  north  in  which  potable  waters  may  be  obtained  from 
this  source  by  drilling  through  superimposed  Miocene  or  Pliocene  beds. 
(Plate  XXXY.) 

A  detailed  account  of  water  conditions  in  !N'ew  Hanover  Countv  will 

t/ 

be  found  on  pp.  436-445  of  this  report. 
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MIOCENE  AND  MARINE  PUGCENE. 


The  Miocene  deposits  of  North  Carolina  have  been  divided  into  three 
formations,  the  St.  Marys,  Yorttown,  and  Duplin,  and  the  marine  Plio- 
cene deposits  are  included  under  the  Waccamaw  formation.  The  geo- 
graphic distribution  of  these  terranes  may  be  seen  by  referring  to  the 
geologic  map  (Plate  XVII,  in  pocket).  The  St.  Marys  and  Yorktown 
formations  are  the  most  important  of  these  four  divisions  from  the 
standpoint  of  water  supplies.  The  Duplin  and  Waccamaw  formations 
are  present  merely  as  thin  sheets  and  remnants  over  older  formations, 
and  are  of  slight  importance.  It  is  believed  that  strata  of  Pliocene  age, 
possibly  synchronous  with  the  Waccamaw  formation,  are  present  be- 
neath the  surface  and  stratigraphically  above  the  Yorktown  formation 
of  the  Miocene  in  the  low  eastern  counties  of  the  State,  but  information 
concerning  their  presence  is  very  meager.  The  formations  in  question 
are  nearly  everywhere  overlain  by  thin,  surficial  Pleistocene  deposits. 

Both  the  Miocene  and  Pliocene  strata  consist  of  alternating  layers 
of  drab  clays,  light  gray  or  greenish-gray  sands,  and  beds  of  shell  marl 
with  sand  or  clay  matrices. 

On  account  of  the  lithologic  similarity  of  the  materials  of  these  sev- 
eral formations,  and  their  occurrence  in  sequence  one  upon  the  other  in 
the  northeastern  part  of  the  State  where  they  are  important  as  water 
bearers,  it  will  perhaps  be  less  confusing  if  the  whole  series  be  consid- 
ered as  one  unit  as  regards  their  availability  as  a  source  of  water 
supply. 

In  this  northeastern  region  the  beds  dip  gently  to  the  eastward,  the 
successively  younger  strata  having  their  upper  edges  close  to  the  sur- 
face successively  nearer  to  the  coast.  Along  the  coast  the  combined 
thickness  of  the  beds  is  believed  to  be  500  to  800  feet.  Westward  the 
series  as  a  whole  becomes  thinner  and  finally  feathers  out  at  the  western 
limits  of  their  overlap  upon  older  formations. 

The  more  porous,  sandy  layers  in  this  series  of  deposits  carry  very 
abundant  supplies  of  water  which  may  occur  at  any  vertical  position 
between  the  base  and  top  of  the  deposits.  Failures  to  obtain  supplies 
have  been  reported  in  places.  These  may  be  due  to  the  local  predomi- 
nance of  impervious  clay  layers,  but  are  probably  more  often  due  to  a 
too  rapid  sinking  of  the  casing,  which  prevents  recognition  of  the  possi- 
ble useful  horizons. 

Owing  to  the  presence  of  shells  in  great  abundance  almost  every- 
where in  the  beds  the  waters  obtained  in  almost  all  cases  contain  cal- 
cium carbonate  in  greater  or  lesser  amounts.  In  many  places  the  con- 
tent of  this  mineral  matter  is  not  excessive  and  the  waters  are  of  fair 
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quality  and  suitable  for  most  ordinary  purposes.  Elsewhere  the 
amount  is  excessive  and  the  waters  are  unpalatable  and  not  satisfac- 
tory for  either  domestic  or  manufacturing  purposes.  Iron  salts  are 
present  in  many  cases  and,  in  the  case  of  some  wells,  in  excessive 
amounts.  The  odor  of  hydrogen  sulphide  may  be  detected  in  many  of 
the  waters  when  they  first  issue  from  the  wells.  Flowing  wells  have 
been  obtained  at  many  places,  as  a  rule,  On  ground  lower  than  the  gen- 
eral level  of  the  region  immediately  surrounding  the  wells. 

The  water  conditions  of  the  seve^-al  counties  in  the  area  under  con- 
sideration have  been  treated  separately  elsewhere  in  this  report. 

The  area  over  which  potable  waters  may  be  obtained  from  the 
Miocene  and  marine  Pliocene  formations  by  drilling  is  indicated  on 
the  map  (Plate  XXXVI). 

TERTIARY   AND   QUATERNARY. 
8URFICIAL    PLIOCENE?     (LAFAYETTE    FORMATION)     AND    PLEISTOCENE. 

The  Lafayette  and  Pleistocene  deposits,  because  of  their  lithologic 
similarity  and  because  both  exist  as  surficial  coverings  upon  older  for- 
mations, may  be  appropriately  treated  under  one  heading.  From  the 
standpoint  of  the  actual,  practical  use  to  which  they  have  been  put  in 
the  past,  and  the  use,  though  constantly  diminishing,  to  which  they  are 
still  being  put,  these  formations  may  be  regarded  as  the  most  important 
of  all  the  Coastal  Plain  aquifers  in  the  State.  Their  availability  as  a 
source  of  supply,  however,  is  so  well  known,  and  the  means  of  obtain- 
ing the  water  are  so  simple  and  easily  applied  that  there  is  little  need 
of  treating  them  exhaustively  here. 

The  Lafayette  deposits  are  present  as  surficial  coverings,  probably  at 
but  fcAV  places  exceeding  25  or  30  feet  in  thickness,  along  the  north- 
western border  of  the  Coastal  Plain  province.  (See  geologic  map,  Plate 
XIII,  in  pocket.)  They  rest  in  part  upon  ancient  rocks,  and  in  part 
upon  beds  of  the  Patuxent  formation.  They  occur  for  the  most  part 
at  elevations  of  from  200  to  500  feet  and  form  mantle-like  coverings 
which  cap  the  tops  of,  and  lap  down  over  the  slopes  of,  the  pre-Lafayette 
hills.  The  sandhill  country  in  the  southwestera  part  of  the  Coastal 
Plain  region  forms  a  part  of  this  area.  The  materials  consist  of  sandy 
loams  and  sands,  as  a  rule  coarse  and  in  places  arkosic,  and  having  at 
their  base  at  many  places  a  bed  of  coarse  gravels  and  cobbles.  Except 
very  locally,  they  are  loose  in  texture  and  permit  of  the  free  passage  of 
water  among  their  constituent  parts.  Where  the  materials  on  which 
the  Lafayette  deposits  rest  are  more  compact  and  less  pervious  to  water 
than  the  Lafayette  materials  themselves,  the  basal  beds  of  the  latter 
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carry  large  amounts  of  very  soft  and  excellent  water.  As  a  rule,  the 
inhabitants  obtain  supplies  from  this  source  by  means  of  comparatively 
shallow,  dug,  bored,  or  driven  wells,  and  employ  for  lifting  the  water 
to  the  surface  either  buckets  or  suction  or  force  pumps.  Springs  occur 
at  many  places  along  the  hill  slopes  where  the  underlying  less  pervious 
beds  outcrop  at  the  surface,  and,  where  conveniently  located,  are  util- 
ized. 

As  stated  above,  the  water  furnished  by  the  Lafayette  formation  is 
almost  universally  of  excellent  quality,  except  where  subject  to  nearby 
surface  contamination.  Where  it  is  possible  to  guard  against  such 
contamination,  no  more  satisfactory  water  need  be  desired  for  the 
various  domestic  purposes. 

The  Pleistocene  deposits,  which  consist  of  sandy  loams,  clays  as  a  rule 
more  or  less  sandy,  sands  and  gravels,  form  a  comparatively  thin  cover- 
ing over  practically  all  the  remaining  Coastal  Plain  area.  (See  geo- 
logic map,  Plate  XIII,  in  pocket.)  The  thickness,  as  a  rule,  amounts 
to  from  10  to  30  feet.  In  exceptional  cases,  however,  it  reaches  as  much 
as  40  feet,  and  in  a  few  places  along  the  coast  to  as  much  as  70  feet  or 
more,  as  shown  by  borings. 

On  the  basis  of  the  manner  of  origin  the  deposits  have  been  differ- 
entiated into  five  formations,  namely,  in  the  order  of  their  age,  begin- 
ning with  the  oldest,  the  Coharie,  Sunderland,  Wicomico,  Chowan,  and 
Pamlico  formations.  The  Simderland  and  Wicomico  formations  cor- 
respond respectively  to  the  formations  of  the  same  name  in  Virginia 
and  Maryland,  and  the  ChoAvan  and  Pamlico  formations  together  cor- 
respond to  the  Talbot  forma-tion  of  those  States.  The  genesis,  areal  ex- 
tent, topographic  features,  lithologic  character,  etc.,  of  these  formations 
have  been  treated  at  some  length  in  Part  I  of  this  report.  Since  the 
w.iter  conditions  presented  by  all  of  them  are  similar  in  most  essential 
resj)ects,  it  is  not  necessary  to  treat  them  separately.  The  basal  sandy 
and  gravelly  portions  of  these  deposits  are  almost  everywhere  water- 
bearing. The  water  is  as  a  inile  very  soft.  In  the  flat,  poorly  drained, 
swampy  tracts  which  form  a  large  part  of  the  area  of  the  coastward 
half  of  the  Coastal  Plain  the  water  from  this  source  contains  much 
organic  matter  due  to  the  presence  of  decaying  vegetation  on  the  sur- 
face through  which  it  must  percolate  in  its  downward  passage.  Else- 
where the  water  is,  as  a  rule,  of  excellent  quality,  both  from  a  sanitary 
and  mineralogical  standpoint,  except  where  subjected  to  polluting  sur- 
face influences  such  as  are  conmion  in  the  vicinity  of  dwellings.  The 
water  is  obtained  by  means  of  dug,  driven,  or  bored  wells,  located,  as  a 
rule,  in  close  proximity  to  the  dwellings  which  they  are  intended  to  sup- 
ply. Because  of  the  flat  character  of  much  of  the  area  in  question,  and 
because  of  the  shallowness  of  the  wells,  which  as  a  rule  range  from  10 
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to  30  feet  in  depth,  it  is  next  to  impossible  in  the  great  majority  of 
cases  to  guard  with  any  degree  of  certainty  against  the  contaminating 
effects  of  decaying  organic  accumulations  such  as  cesspools,  discarded 
food  remnants,  slops,  etc.  This  fact  is  becoming  more  generally  recog- 
nized among  the  inhabitants  of  the  region  in  question,  and  one  finds' 
almost  everywhere  among  those  obtaining  water  from  this  source  a 
desire  to  substitute  for  it  supplies  from  deeper  lying  horizons. 

Springs  occur  along  the  river  bluffs,'  the  valley  slopes,  and  the 
scarps  separating  the  several  Pleistocene  terraces;  they  derive  their 
supplies  from  the  basal  sandy  and  gravelly  portions  of  the  Pleistocene 
beds.  Where  not  subject  to  surface  pollution  or  to  the  effects  of  decay- 
ing vegetation,  the  spring  waters  are  of  satisfactory  quality.  Where 
mineral  springs  occur  the  waters  are,  as  a  rule,  derived  from  outcrops 
of  older,  underlying  strata.  A  comparatively  small  percentage  of  the 
springs  are  utilized,  owing  to  the  inconvenience  of  their  location  with 
respect  to  the  location  of  dwellings. 

WATER  RESOURCES  OF  THE  COASTAL  PLAIN,  BY  COUNTIES. 

BEAUFORT    COUNTY. 

Topography, — The  surface  of  Beaufort  County  ig  made  up  of  parts 
of  three  Pleistocene  terrace  plains.  The  lowest  or  Pamlico  plain, 
wliich  scarcely  exceeds  20  feet  in  elevation  above  the  sea,  covers  about 
the  eastern  one-third  of  the  county  and  extends  as  a  bordering  terrace 
along  either  side  of  Pamlico  River  to  and  beyond  the  western  county 
limit.  The  next  higher  or  Chowan  plain  covers  the  greater  part  of  the 
remainder  of  the  area,  with  elevations  of  from  30  to  50  feet.  Portions 
of  the  surface  of  both  the  Pamlico  and  Chowan  terraces  consist  of 
broad  stretches  of  swamp  land.  Very  limited  areas  in -the  western  part 
of  the  county  form  parts  of  the  third  or  Wicomico  terrace  plain  at 
elevations  of  about  60  feet.  The  several  plains  described  have  been  but 
slightly  dissected  by  stream  erosion. 

Geology, — Little  is  known  of  the  detailed  geology  of  this  county. 
The  western  part  of  the  area  is  underlain  by  sands,  clays,  and  shell 
marls  of  Miocene  age,  which  are  believed  to  dip  eastward  and  pass 
beneath  similar  beds  of  Pleistocene  age,  or  possibly  in  part  of  Pliocene 
age.  Pleistocene  sands,  clays,  and  marls  underlie  much  of  the  area  to 
the  east.  In  the  western  part  of  the  county  the  Miocene  beds  are  un- 
derlain by  Eocene  limestones  belonging  to  the  Trent  formation,  similar 
to  those  at  IN'ew  Bern.  These  are  penetrated  in  wells  at  Washington 
at  from  30  to  150  feet  below  the  surface.  A  surficial  covering  of  Pleis- 
tocene terrace  deposits  belonging  to  the  Wicomico,  Chowan,  and  Pam- 
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l;r*o  fonnariori'?.  and  conri-ring  of  fine  sand?,  sandy  loams,  days,  and 
[irohabiy,  ill  p:arf"i.  of  -h^-li  marl-,  are  -pread  over  ^he  entire  surface  of 
rhf  r'ouri^v. 

\Vo*^r  R^s'^iTrt^, — The  quali'v  of  water  obtained  from  shallow 
•drivf-n  and  ofK-n  wella  in  Beaufort  County  depends  largely  upon  the 
^i'nanon  of  fh^  w^IN  wirh  r^hi^ion  to  -be  pre^^ent  topoeraphy.  As  noted 
nndf-r  tofK^erapby  in  tbi*  rbap*er.  the  eastern  third  of  the  connty  is 
a  lo'x^  plain  who-^-  gr^-a'^'^r  e^vanon  U  1*^*  than  20  feet  above  sea  leveL 
Tbf-  ^hallow  well-  -iMiaTpd  within  this  area  rans^e  from  5  to  20  feet  in 
depth.  The  ^.aiidy  loani*  covering  the  -urface  crrade  down  into  inter- 
?5rratified,  bhii-h  <and«,  and  bluish  to  drab  clays,  the  latter  being  often 
referral  to  bv  ;lie  well  owners  a*  "blue  n:ud."  Shell  beds  occur  within 
the  Plei*foe*ne  depo-^it*  of  thi*  area  and  in  the  underlying  Tertiary. 
The  thickne-s  of  the  «.nrface  deposirs  is  -licLt,  and  the  ordinary  dug  wells 
frerjiiently  rr-ach  the  .-hell  beds  from  which  a  hard  water  is  obtained. 
Well<  entering  the  Ijeds  of  «r>-called  "blue  mud"  obtain  a  poor  quality 
of  water;  the  sands  interst ratified  with  the  *'blue  mud"  or  clay  are 
water-bearing.  The  water  level  over  thi*  entire  lower  terrace  is  very 
near  the  surface,  and  in  digging  the^e  '^hallow  wells  care  is  taken  to 
keep  alx>ve  the  objectionable  clay  bed*.  The  water  of  this  low  plain  i? 
rather  hard  and  somewhat  high  in  chlorides  and  is  more  highly  mineral- 
ized than  the  shallow  well  water?  in  higher  parts  of  the  county.  For 
tbis  rea-^on  ci«tem«  are  much  in  u^jc. 

Tbe  city  of  Wa**hington,  situated  on  this  lower  terrace,  is  said  to  be 
underlain  aliuo-t  entirely  by  sand  to  a  depth  of  10  feet  or  more,  the 
ba-e  of  wbich  is  water-lK*ariiig  and  has  been  tapped  at  many  places  by 
bored  and  driven  wells.  Among:  dwellines  water  from  such  a  shallow 
-onrce  is  of  cotirse  subject  to  contamination. 

In  tbe  higher  central  and  western  parts  of  the  county  shallow  wells 
and  springs  furnish  the  chief  water  supply  for  domestic  use.  It  is  as 
a  rule  very  soft,  and  where  not  subject  to  surface  pollution  is  of  good 
quality. 

About  3  miles  north  of  Washington  is  a  spring  owned  by  the  TTash- 
ingfon  Investment  Company  which  has  a  flow  estimated  at  24,000  gal- 
lons per  24  hours.     This  water  is  sold  to  a  limited  extent  in  the  city. 

All  of  tlie  deeper  wells  of  the  county  obtain  their  water  supply  from 
de[»o<its  of  Tertiary  age,  either  Eocene,  Miocene,  or  Pliocene.  The 
water  is  as  a  rule  bard.  Except  in  the  lowlands  bordering  Pamlico 
Kiver  and  its  tributaries,  flowing  wells  have  not  been  obtained.  A  con- 
si  dera]>lo  num])er  of  deep  wells  have  been  drilled  in  the  county.  The 
table  of  well  statistics  given   below  includes  those   concerning  which 
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inrlDK  well  tram  Mli 


Gounly,  N.  C. 


L  mill  of  the  Interstate  Cooperage  Company, 
(FlowB  ED  or  GO  gallons  per  nilnute.) 
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information  has  been  obtained.  The  following  notes  are  added  con- 
cerning wells  not  included  in  the  list  and  conoeming  conditions  in  cer- 
tain towns  and  localities: 

The  city  of  Washington  is  supplied  by  a  water  system  owned  by  the 
Washington  Light  and  Water  Company,  the  supply  being  derived  from 
12  drilled  wells.  The  first  four  were  drilled  by  the  Sydnor  Pump  and 
Well  Company  in  October  and  November,  1902.  Their  depths  range 
from  103  to  146  feet.  The  wells  were  tested  separately  and  each  was 
found  to  yield  not  less  than  100  gallons  per  minute,  and  the  actual  sup- 
ply available  was  much  greater.  The  water  company  subsequently 
drilled  the  remaining  8  wells.  These  range  in  depth  from  100  to  120 
feet.  In  all  of  the  12  wells  the  water  rises  to  within  10  feet  of  the 
surface.  In  drilling,  sand  and  bluish  clay  were  encountered  to  a  depth 
of  40  feet,  below  which  to  a  depth  of  146  feet  strata  of  shell  limestone 
were  penetrated.  Samples  of  the  rock  taken  at  a  depth  of  45  feet  con- 
tained an  abundance  of  Echinoderm  spines.  The  rock  is  believed  to 
be  of  Eocene  age. 

The  12  wells  are  all  included  within  an  area  of  one-half  acre.  They 
are  connected  and  are  pumped  by  a  Gould  triplex  pump,  8^/2  l>y  12 
inches,  run  by  a  34  horse-power  Fairbanks-Morse  gas  engine.  An  addi- 
tional engine  and  pump  of  similar  design  stand  ready  for  use  in  case 
of  emergency.  Ordinarily,  about  375  gallons  per  minute  is  pumped, 
but  the  wells  have  a  capacity  of  from  500  to  600  gallons.  The  water 
is  pumped  to  a  120,000-gallon  standpipe  elevated  140  feet  above  the 
level  of  the  town.  This  3rields  a  62-pound  pressure  when  full,  but  95 
pounds  direct  pressure  can  be  applied  in  case  of  fire.  There  are  about 
9  miles  of  mains,  65  fire  hydrants,  375  taps  at  houses,  stores,  etc.  About 
one-third  of  the  total  population  is  supplied  by  this  system.  Two  hun- 
dred and  fifty  thousand  gallons  are  used  daily. 

About  one-third  of  the  inhabitants  of  Washington  receive  their  sup- 
plies from  the  water  company.  The  remainder  use  cisterns  and  driven 
and  drilled  wells.  The  drilled  wells  range  in  depth  from  32  to  75  feet. 
In  the  northern  part  of  the  town,  in  the  lowlands  near  the  foot  of  the 
escarpment  separating  the  Pamlico  and  Chowan  terrace  plains,  there 
are  several  wells  with  small  flows  having  depths  of  from  32  to  45  feet. 
This  water  comes  from  a  shell  limestone,  probably  of  ^Eocene  age. 
T^early  all  the  mills  in  Washington  use  the  river  water  for  boiler  pur- 
poses, except  in  times  of  drouth,  at  which  times  the  brackish  water  from 
the  sound  finds  its  way  this  far  upstream,  compelling  the  use  of  the  city 
water,  which  scales  the  boilers  badly. 

At  Blounts  Creek  there  are  8  or  10  drilled  wells  67  to  87  feet  in 
depth,  the  water  rising  to  within  0-18  feet  of  the  surface.    It  is  reported 
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that  one  of  these  flowed  when  first  drilled  and  furnished  sufficient  water 
to  supply  two  hoilers.  These  wells  were  all  drilled  in  1905.  The  water 
is  hard.     (See  Table  1,  assay  4,  pp.  492,  493.) 

At  Bonnerton,  driven  wells  10  to  16  feet  deep  penetrate  the  marl  and 
yield  hard  and  ferruginous  water  from  the  sandy  beds  in  the  marl. 
Mr.  W.  H.  Whitley  has  a  well  100  feet  deep  located  near  the  mouth  of 
Durham's  Creek,  which  flows  a  small  stream. 

At  Winsteadville,  in  driven  wells  10  to  40  feet  in  depth  there  is  found 
an  abundance  of  water  in  the  marl  beds.  Within  the  last  few  vears  many 
1^/4-ineh  wells  have  been  drilled  mainly  for  supplying  stock  with  drink- 
ing-water. 

At  Leechville,  the  boilers  of  the  mill  are  supplied  from  a  well  8o 
feet  in  depth  and  with  a  diameter  of  2^2  inches. 

At  the  machine  shops  of  Mr.  Surry  Parker  at  Pinetown  there  is  a 
system  of  24  wells  ranging  in  depth  from  51  to  71  feet,  all  coupled  to 
one  6-inch  main.  The  water  is  pumped  by  a  Gould  triplex  pump  to  a 
tank  of  40,000  gallons  capacity,  the  bottom  of  which  is  55  feet  above 
the  ground.  About  2,000  feet  of  water  mains  have  been  laid,  besides 
about  1,000  feet  of  smaller  pipe.  These  wells  supply  a  160  horse-power 
boiler  at  the  sawmill  and  two  smaller  boilers  aggregating  50  horse- 
power at  the  machine  shop,  and  also  supply  all  the  water  used  for 
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domestic  purposes  in  the  village,  the  population  of  which  is  about  450. 
A  240-foot  well  was  drilled  here,  but  as  the  water  could  not  be  obtained 
as  freely  as  at  the  depths  mentioned  above,  this  deep  well  was  aban- 
doned. Several  attempts  have  been  made  to  secure  an  overflow  at  Pine- 
town,  but  in  no  well  has  the  water  risen  higher  than  within  10  feet  of 
the  surface. 

At  Belhaven,  in  addition  to  the  wells  listed,  there  are  several  others 
having  a  depth  of  about  100  feet. 

Assays  and  analyses  of  waters  from  this  county  are  given  elsewhere 
in  this  report,  as  follows:  Table  1,  pp.  492,  493,  assays  !N"os.  1-9; 
Table  2,  analyses  j^os.  1-5.    These  are  discussed  on  pp.  484,  485. 

Artesian  Prospects. — The  sand  strata  of  the  Pliocene  and  Miocene 
deposits  which  underlie  the  greater  part  of  the  county,  and  the  porous 
shell  limestones  of  Eocene  age  which  underlie  the  western  part  of  the 
county,  carry  abundant  supplies  of  water.  Owing  to  the  presence 
of  a  large  amount  of  lime  in  these  beds  the  water  is  apt,  in  nearly 
all  cases,  to  be  hard.  Deeper  drilling  to  depths  of  400  or  500  feet 
would  probably  encounter  horizons  yielding  salty  waters.  Flowing 
wells  are  possible  on  the  lowlands  bordering  Pamlico  River  and  its 
tributary  streams  at  elevations  which  as  a  rule  will  not  exceed  10  feet 
above  sea  level. 
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Located  250  ft.  from  nearest  water- 
works well  and  taps  same  horimn. 
See  analysis  No.  4,  table  2,  pp. 
504.  505. 

Seo  water  assay  No.  8,  table  1, 
pp.  492,  493. 

See  water  assay  No.  7,  table  l,pp. 
492.  493. 
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COUNTY — CoNTmuED. 
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Miooene. 

Miocene;  coarse  white 

sand. 
Trent  formation;  sand. 

'  Miocene?  varicolored  rock. 

Miocene. 

Miocene;  rock. 


See  water  assay  No.  9,  table  1,  pp. 
492.  493. 


Another  well  at  Jessama  obtained 
hard  sulphurous  water  at  140  ft. 


abundant 
supply. 


flows. 


flows. 


domestic. 


u 

flows. 


suction 
pump, 
pump. 

flows, 
flows. 

domestic  and 

50  or  60 

boUer. 

50+ 

drinklns  and 

25 

manufacturing. 

1  abundant 

duplex  steam 

condenser  and 

111 


supply.    ,      pump.      I 
steam  pump, 
steam  pump, 
steam  pump. 


manufacture 
of  ice. 


lU 


Miocene? 

Miocene?  black  sand. 

Miocene? 

Miocene;  cavity  in  rock. 

Miocene. 

Miooene? 

Miocene?  black  sand. 

Miocene? 

Miocene. 

Miocene:  porous  rock? 

Miooene;  soft  rock. 

Miooene;  gravel. 

Miocene;  sand. 

Miocene. 

Miocene. 

Miocene?  from  beneath 
rock. 

Miooene? 

Miocene? 

Miooene? 

Miocene? 

Miocene? 

Miocene? 


flows.       ito  limited  extent      Miocene;  from  under 


for  drinking. 


rock. 


flows. 

strong  flow. 

flows. 


boiler. 


Miocene. 
Miocene;  porous  rock. 


I 


No  water  obtained. 

In  the  wells  at  and  near  Aurora 
beds  of  shell  marl  of  Miocene  or 
later  age  occur  at  shallow  depths. 
The  sand  beds  Interstratified  in 
the  marl  jrield  a  sulphur  water 
high  in  iron,  which  is  reported  to 
attack  boilers  rapidly. 

Another  horison  at  33  ft.  See 
water  assay  No.  5,  table  1,  pp. 
492,  493. 

Too  hard  for  boiler  use  and  well 
abandoned. 


Casing  became  magnetic  while  drill- 
ing, but  lost  magnetism.  See 
assay  No.  2.  toble  1.  pp.  492, 493. 


See  U.  S.  G.  S.  Bulletin  138.  p.  105. 


Strata  penetzated,  sand  with  inter- 
stratified beds  of  marl  and  shell- 
rock.  See  U.  S.  G.  S.  Bulletin 
138,  p.  195. 

See  analysis  No.  1,  table  2,  pp.  504, 
505. 

Several  beds  of  marl  and  shell  12-14 
inches  thick  penetrated. 


Scales  boilers  badly. 

Water  distUled  before  used  in  man- 
ufacture of  ice.  Hard  and  scales 
boilers  badly.  See  analysis  No. 
2,  table  2,  pp.  504,  505. 


Pronounced  mineral  water  by  J.  A. 
Holmes.  See  analysis  No.  3, 
table  2.  pp.  504,  505.  Other  horl- 
ion!»  at  80.  100  and  120  ft. 


Reported  to  have  strongest  flow  of 
any  well  in  this  section. 
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BEBTIE  COUNTY. 

Topography, — Topographic  maps  of  the  TT.  S.  Geological  Survey 
cover  but  a  small  part  of  the  area  of  Bertie  County.  Such  data  as  are 
available  indicate  that  the  surface  is  made  up  of  three  Pleistocene  ter- 
race plains.  The  lowest,  the  Pamlico  plain,  with  elevations  not  ex- 
ceeding 25  feet,  has  a  limited  development  along  the  north  side  of 
Roanoke  River  and  possibly  along  Cashai  River;  the  next  higher,  the 
Chowan  plain,  with  elevations  of  30  to  50  or  60  feet,  is  developed  in  a 
belt  of  undetermined  width  north  of  Roanoke  River  along  the  entire 
southern  border  of  the  county  and  also  along  Cashai  River;  the  third 
or  Wicomico  plain,  at  elevations  of  60  to  100  feet,  forms  the  surface 
over  the  remainder  of  the  county.  These  several  plains  are  more  or 
less  dissected  by  stream  erosion.  Broad  stretches  of  swamp  land  of 
recent  origin  border  Roanoke  River. 

Geology, — Miocene  deposits  consisting  of  gray  or  greenish-gray  sands, 
drab  clays,  and  shell  marl,  underlie  the  greater  part  of  the  county 
beneath  a  thin  covering  of  the  sands  and  sandy  loams  which  make  up 
the  Pleistocene  terrace  formations.  The  latter  are  the  Wicomico, 
Chowan,  and  Pamlico  formations.  In  the  extreme  western  part  of  the 
county  along  Roanoke  River  the  compact,  drab  or  greenish  drab  clays 
and  gray,  arkosic  sands  of  the  Patuxent  formation  (Lower  Cretaceous) 
rise  a  few  f(»et  above  water  level  and  probably  immediately  underlie  the 
Chowan  formation,  which  here  borders  the  river.  The  Patuxent  beds 
pass  Ix'neath  the  Miocene,  becoming  deeper  to  the  eastward. 

Wator  Resourres. — The  basal,  sandy  portions  of  the  Pleistocene  for- 
mations furnish  the  greater  part  of  the  supply  of  water  for  domestic 
use.  Driven  wells  are  gradually  taking  the  place  of  open  wells,  and 
with  the  exception  of  Aulander  the  villages  now  contain  more  of  the 
former  than  the  latter.  The  wells  range  in  depth  from  8  to  35  feet, 
with  a  few  as  deep  as  60  feet.  Those  exceeding  35  feet  derive  their 
water  from  the  underlying  Miocene.  The  water  from  the  Pleistocene 
beds  is  almost  everywhere  soft ;  in  places  it  is  ferruginous.  Many 
springs  occur  along  the  scarps  and  in  the  stream  valleys,  but  they  are 
small  and  unimportant. 

A  few  deep  wells  have  been  drilled  in  Bertie  County.  Seven  or 
eight  years  ago  at  Windsor  a  2V2-inch  pipe  was  sunk  250  feet,  obtain- 
ing a  small  flow  which,  after  continuing  for  about  three  months,  sud- 
denly stopped,  due  to  the  entrance  of  sand  into  the  pipe.  In  1905  a 
deep  well  was  drilled  for  the  town  near  the  one  above  described.  The 
elevation  of  the  mouth  of  the  well  above  sea  level  is  about  10  feet. 
A  small  flow  was  obtained  at  a  depth  of  250  feet  and  an  8-inch  casing 
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was  driven  to  that  depth ;  drilling  was  continued,  using  a  6-inch  casing ; 
at  560  feet  a  flow  of  approximately  10  gallons  per  minute  was  obtained, 
but  was  lost  either  by  caving  or  by  casing  past  the  water  stratum. 
Ten  feet  deeper,  at  570  feet,  a  flow  of  4  gallons  per  minute  was  struck ; 
this  flow  was  also  lost.  Drilling  was  continued  to  a  depth  of  585  feet, 
but  no  other  water-bearing  beds  were  penetrated.  An  attempt  was 
made  to  pull  up  the  6-inch  casing,  but  it  parted  about  10  feet  below  the 
bottom  of  the  8-inch  casing,  and  only  the  upper  260  feet  was  with- 
drawn. The  water  from  the  2 50- foot  horizon  has  a  strong  sulphurous 
odor  and  taste.  (See  Table  2,  analysis  6,  pp.  504,  505.)  The  three 
flows  obtained  were  probably  from  the  Patuxent  formation,  which  un- 
derlies the  Miocene. 

An  attempt  to  get  a  flowing  well  was  made  about  three  years  ago  in 
Lewiston.  A  2-inch  pipe  is  reported  to  have  been  sunk  164  feet,  where 
drilling  was  stopped  by  quicksand.  Water,  struck  at  about  100  feet, 
rose  to  within  a  few  feet  of  the  surface.  This  well  probably  passed 
through  the  Miocene  and  entered  the  Patuxent  formation. 

At  Avoca  a  pipe  was  driven  to  a  depth  of  180  feet  without  securing 
a  flow  of  water.  At  this  depth  quicksand  interfered  so  seriously  with 
the  progress  of  the  work  that  the  undertaking  was  abandoned. 

Artesian  Prospects, — Abundant  supplies  of  potable  water  may  be 
obtained  from  the  Miocene  and  Patuxent  deposits  underlying  the 
county.  It  is  believed  that  the  depths  at  which  the  water-bearing  beds 
will  be  encountered  will  vary  considerably  in  the  different  parts  of  the 
county.  At  Windsor,  in  the  south  central  part,  a  flow  of  water  was 
found  at  250  feet.  Stronger  flows  were  found  at  560  and  570  feet.  In 
the  western  part  of  the  county  the  depth  to  these  horizons  will  be  con- 
siderably less.  Basement  rocks  would  probably  be  encountered  500  to 
600  feet  below  the  surface  in  the  extreme  northwestern  corner.  In  the 
eastern  portion  of  the  county  water-bearing  horizons  in  the  Miocene 
would  probably  be  penetrated  at  depths  ranging  from  35  to  400  or  500 
feet  below  the  surface.  With  the  exception  of  Windsor,  none  of  the 
larger  towns  are  situated  favorably  for  obtaining  flowing  wells.  It  is 
doubtful  if  any  well  drilled  within  the  county  will  overflow  at  eleva- 
tions of  more  than  a  few  feet  above  sea  level. 

BLADEN    COUNTY. 

Topography, — No  topographic  maps  have  been  made  of  any  portion 

of  this  county.     From  information  .obtained  from  railroad  profiles  and 

from  field  observations  it  is  believed  that  the  surface  of  the  county 

presents   three   of   the   Pleistocene   terrace   plains    recognized   in   this 

region.     The  highest,  the  Sunderland  plain,  with  elevations  of  110  to 
24 
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150  feet,  cover?  the  greater  part  of  the  northwestern  two-third*  of  the 
county;  the  next  lower,  the  Wicomico  plain,  with  probable  elevation* 
of  60  to  90  feet,  covers  the  southeastern  one-third  of  the  count v  and 

s 

extends  up  Cape  Fear  River  as  a  bordering  belt  of  undetermined  width 
to  the  count V  line  on  the  north  and  bevond  into  Cumberland  Countv; 
the  Chowan  plain,  with  elevations  of  30  to  perhaps  50  feet,  has  a  lim- 
ited develojiiiicnt  along  Caj)e  Fear  and  Black  rivers  in  the  southeastern 
part  of  the  county.  The  lowest,  or  Pamlico  plain,  is  not  known  to  ex- 
tend this  far  up  the  valleys.  The  several  plains  described  have  been 
more  or  less  dissected  bv  stream  erosion. 

Geology. — The  Black  Creek  ("Bladen")  formation,  consisting  of 
laminated,  lignitic  sand«»  and  clays,  underlies  the  northwestern  half  of 
the  county  and,  dipping  to  the  southeast,  passes  conformably  beneath 
the  overlying  Peedee  ("Burches  Ferry")  formation.  The  latter  consists 
of  marine  sands  and  clays,  which  are  in  most  places  more  or  less  glau- 
conitic  and  calcareous.  Over  parts  of  the  county  thin  sheets  of  Mio- 
cene and  Pliocene  sands  and  shell  marls  rest  upon  the  surface  of  the 
P(H?df*e  and  Black  Creek  formations.  Pleistocene  terrace  deposits  of 
the  Sunderland  formation,  the  Wicomico  formation,  and  the  Chowan 
formation,  consisting  of  sandy  clays,  sands,  and  gravels,  are  spread 
over  the  surface  of  all  older  formations. 

Water  Resources. — The  greater  part  of  the  domestic  water  supply  of 
this  county  is  furnished  by  shallow,  o])en,  dug  wells,  and  by  driven  wells 
ranging  in  depth  from  10  to  30  or  40  feet.  The  sources  of  the  supply 
in  these  wells  are  for  the  most  part  the  sand  and  gravel  beds  forming 
the  base  of  the  surficial  Pleistocene  formations.     Some,  however,  pass 
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through  these  and  enter  the  underlying  Black  Creek,  Peedee,  Miocene, 
or  Pliocene  beds,  as  the  case  may  be.  Springs  occur  along  the  valley 
slopes,  and  these  have  been  made  use  of  to  a  limited  extent. 

In  recent  years  the  value  of  the  Black  Creek  and  Peedee  formations 
as  sources  of  good  water  supplies  has  come  to  be  more  generally  recog- 
nized and  in  certain  parts  of  the  county  numerous  deeper  wells  have 
been  drilled  penetrating  the  water  horizons  of  these  formations. 

The  reader  is  referred  to  the  table  of  well  data  given  below  for  de- 
tailed information  regarding  the  deeper  wells  of  the  county  concerning 
which  information  has  been  obtained. 

Assays  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  follows:  Table  1,  pp.  492,  493,  assays  Nos. 
10-22;  Table  2,  pp.  194,  195,  analysis  ^o.  7.  These  are  discussed  on 
p.  485. 

Artesian  Prospects, — In  general,  the  prospects  for  obtaining  potable 
artesian  water  supplies  are  good  in  all  parts  of  the  county.  The  depth 
at  which  water  horizons  will  be  encountered  will  vary  irregularly  in 
different  localities,  and  the  only  way  to  determine  the  depth  to  these 
horizons  in  particular  localities,  and  it  might  almost  be  said  for  par- 
ticular locations  of  individual  wells,  is  by  drilling.  In  most  places, 
however,  a  water-bearing  bed  or  beds  will  be  encountered  between  the 
depths  of  50  and  300  feet. 

Within  several  miles  of  the  Cape  Fear  and  Black  rivers  flows  are  not 
apt  to  be  obtained  except  on  low  ground  where  the  mouth  of  the  well  is 
not  more  than  a  few  feet  above  the  stream  level.  In  the  extreme  western 
part  of  the  county,  however,  experience  has  shown  that  small  flows 
may  be  obtained  as  high  as  100  feet  or  more  above  sea  level. 
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See  water  assay  No.  20.  table  1, 
pp.  492, 493. 


Another  horiion  at  50  ft. 
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BRUNSWICK    COUNTY. 

Topography, — The  entire  surface  of  the  county  is  formed  of  Pleisto- 
cene terrace  plains.  No  topographic  maps  have  been  made  of  any  por- 
tion of  the  area,  but  it  is  believed  that  the  Chowan  plain  at  elevations 
of  30  to  50  feet  forms  the  greater  part  of  the  surface.  Green  Swamp, 
which  has  an  extensive  development  in  Columbus  County,  extends  into 
Brunswick  County  from  the  north.  It  is  believed  to  form  a  part  of 
this  plain.  The  lowest  or  Pamlico  plain  is  believed  to  have  a  very 
limited  development  along  the  coast  and  along  Cape  Fear  River.  The 
Wicomico  plain  at  elevations  of  60  to  70  feet  is  believed  to  cover  a 
small  area  in  the  extreme  north.  Shallow  valleys  have  been  formed 
in  these  plains  by  stream  erosion. 

Geology, — Marine  sands,  clays,  and  marls  of  the  Peedee  formation 
underlie  the  entire  county.  In  the  eastern  part  of  the  county  they 
pass  beneath  Eocene  limestones  belonging  to  the  Castle  Hayne  forma- 
tion, and  in  the  Quarantine  Station  and  Fort  Caswell  wells  were  en- 
countered at  depths  of  265  and  254  feet  respectively.  Surface  out- 
crops of  the  Peedee  formation  occur  along  Cape  Fear  River  in  the  ex- 
treme northern  part  of  the  county.  Throughout  the  greater  part  of 
the  county  the  surface  of  the  Peedee  formation  is  believed  to  lie  at 
comparatively  shallow  depths  beneath  the  surficial  Pleistocene  beds; 
but  in  places  thin  beds  of  shell  marl  or  sand  of  Miocene  or  Pliocene 
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,    Black  Creek  formation. 

Black  Creek  formation. 

1 1    Black  Creek  formation. 

pump.  domestic.         Black  Greek  formation; 

sand. 

pump.  domestic.      |    Black  Creek  formation; 

gravel. 
6     flows.  domestic.         Black  Creek  formation. 
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Other  horisons  at  23  and  84  ft. 


Other  horiions  at  16  and  28  ft. 


age  intervene  between  the  Cretaceons  and  Pleistocene  beds^  while  in  the 
east,  in  a  narrow  belt  extending  from  Wilmington  to  Fort  Caswell, 
the  Eocene  limestones  mentioned  above  intervene,  dipping  eastward,  be- 
coming thicker  toward  Cape  Fear  River,  and  passing  below  water  level 
before  the  river  shore  is  reached.  Pleistocene  terrace  deposits  belong- 
ing in  part  to  the  Wicomico  formation,  but  in  greater  part  to  the 
Chowan  formation,  consisting  of  sands,  sandy  loams  and  clays,  form  a 
surficial  covering  over  nearly  all  the  county.  In  the  east  along  Cape 
Fear  River  estuary  where  the  waves  are  cutting  into  the  Chowan  ter- 
race the  thickness  of  the  Pleistocene  deposits  amounts  to  at  least  30  feet, 
the  entire  face  of  the  bluffs  down  to  water  level  presenting  beds  of  this 
age.  Along  the  coast  and  along  Cape  Fear  River  there  is  a  very  limited 
development  of  beds  belonging  to  the  Pamlico  formation. 

Water  Resources. — Shallow,  open,  and  driven  wells,  ranging  in  depth 
from  10  to  25  feet,  which  derive  their  supply  from  the  base  of  the  sur- 
ficial Pleistocene  formations  are  common  throughout  the  county. 
Springs,  which  are  used  to  a  limited  extent  for  domestic  purposes,  are 
present  in  many  parts  of  the  county,  occurring  along  the  valley  slopes. 
Deep  wells  have  been  drilled  at  a  number  of  places  in  the  county.  In 
the  table  of  well  data  given  below  are  included  those  concerning  which 
detailed  information  has  been  obtained. 

A  few  additional  notes  may  be  added  concerning  wells  and  water 
conditions  in  the  county. 
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At  Fort  Caswell,  situated  on  Oak  Island  near  the  mouth  of  Cape 
Fear  River,  several  unsuccessful  attempts  have  been  made,  under  Gov- 
ernment auspices,  to  obtain  potable  water  hy  deep  boring.  The  first 
well  was  drilled  between  the  years  1900  and  1902.  The  depth  was  800 
feet  and  the  smallest  casing  used  was  6  inches  in  diameter.  No  potable 
water  was  obtained.  A  brackish  water  horizon  was  encountered  in 
Cretaceous  beds  at  a  depth  of  365  feet,  and  in  the  lower  80  feet  of  the 
well  water  of  similar  quality  was  struck  which  flowed  at  the  surface 
at  the  rate  of  about  2  gallons  per  minute.  Assay  23,  Table  2,  is  a  test 
of  the  water  of  this  well.  In  1903  a  6-inch  well  was  sunk  to  a  depth 
of  171  feet  without  obtaining  satisfactory  water.  The  last  and  most 
determined  attempt  was  made  between  the  years  1905  and  1907.  A  well 
was  sunk  to  a  depth  of  1,543  feet,  the  smallest  casing  being  7  inches  in 
diameter.  (See  section,  p.  169.)  The  deposits  of  the  Coastal  Plain 
were  completely  penetrated,  basement  rock  being  entered  at  about  1,540 
feet  below  the  surface.  Xo  potable  water  was  encountered,  the  content 
of  sodium  chloride  (common  salt)  being  excessively  high  in  all  the  hori- 
zons penetrated.  A  strong  flow  of  salty  water  was  encountered  in  Cre- 
taceous beds  at  a  depth  of  1,442  feet. 

The  water  now  used  at  Fort  Caswell  is  obtained  from  shallow  wells 
15  to  30  feet  in  depth,  and  from,  cisterns.  The  well  water  is  brackish, 
due  to  the  infiltration  of  sea  water  through  the  porous  beach  sands 
which  make  up  the  underground  materials  for  some  distance  below  the 
surface  at  this  place. 

At  the  Quarantine  Station  which  is  located  in  the  middle  of  Cape 
Fear  River  on  piles  about  one  mile  east  of  Southport,  a  well  was 
drilled  to  a  depth  of  400  feet  below  sea  level.  The  diameter  of  the 
smallest  casing  used  was  ^Vn  inches.  At  the  bottom  of  the  well  a  hori- 
zon of  potable  water  was  encountered  in  the  Peedee  formation,  which 
yields  by  pumping  at  the  rate  of  75  gallons  per  minute.  A  peculiarity  of 
this  well  is  that  when  first  pumped  after  standing  idle  for  several  hours 
the  water  is  brackish,  but  after  about  20  minutes  pumping  the  taste  of 
salt  entirely  disappears,  and  as  long  as  the  well  is  pumped  continuously 
the  quality  of  the  water  is  satisfactory.  (See  Water  Supply  and  Irri- 
gation Paper,  U.  S.  Geol.  Surv.,  No.  160,  1906,  p.  97.)  Analyses  10  to 
23,  Table  2,  are  tests  of  this  well.     (See  section,  p.  168.) 

Throe  wells  have  been  drilled  at  the  plant  of  the  American  Fisheries 
Company  on  Cape  Fear  River,  near  Old  Brunswick.  The  depth  of 
each  is  140  foot  and  the  diameter  is  3  inches.  One  yields  by  pumping 
at  the  rate  of  50  gallons  per  minute  and  the  other  two  at  the  rate  of 
100  gallons  each  per  minute.  This  water  horizon  is  probably  in  the 
Eocene. 
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At  Elpaso  the  wells  range  to  a  depth  of  40  feet,  and  in  the  deeper 
wells  the  water  is  probably  derived  from  the  Eocene. 

At  Malmo  water  is  obtained  from  nonflowing  wells  at  various  depths 
down  to  54  feet.  In  those  exceeding  25  feet  the  water  probably  comes 
from  the  Peedee  sand. 

In  the  western  part  of  the  county  a  well  is  reported  at  Excelsior  160 
feet  in  depth,  one  at  Ash  200  feet,  and  one  at  Iredell  280  feet.  These 
all  penetrate  Peedee  horizons. 

Assays  and  analyses  of  waters  from  this  county  are  given  elsewhere  in 
this  report,  as  follows :  Table  1,  pp.  492,  493,  assays  Nos.  23-28 ;  Table 
2,  analyses  N^os.  8-23,  pp.  504,  505.     These  are  discussed  on  p.  485. 

Artesian  Prospects. — Throughout  the  greater  part  of  the  county 
water  for  domestic  purposes  may  be  obtained  by  drilling  to  depths 
not  exceeding  300  to  400  feet.  Over  most  of  the  county  wells  exceed- 
ing 30  or  40  feet  in  depth  will  penetrate  the  Peedee  beds.  In  the  south- 
east, however,  where  these  beds  pass  under  the  Eocene  the  depth  at 
which  they  will  be  reached  increases,  and  in  the  extreme  southeast  it 
will  amount  to  from  200  to  250  feet. 

The  deepest  horizon  yet  discovered  yielding  a  potable  water  is  that 
penetrated  in  the  Quarantine  Station  well  at  a  depth  of  400  feet.  As 
regards  the  quality  of  waters  from  depths  exceeding  400  feet,  a  suffi- 
cient number  of  tests  have  not  been  made  to  justify  a  sweeping  state- 
ment; but  from  such  as  have  been  made  it  seems  probable  that  from 
horizons  exceeding  this  depth  all  waters  will  be  too  salty  to  be  of  use  for 
domestic  or  manufacturing  purposes.  At  Fort  Caswell  several  attempts 
have  been  made  to  obtain  potable  water  (see  table,  pp.  66,  67),  but  with- 
out success.  The  briny  water  of  the  present  sea  penetrates  the  loose 
sands  to  a  depth  of  at  least  30  feet  and  possibly  to  the  base  of  the 
Pleistocene  at  78  feet.  (See  section,  p.  168.)  Below  the  depth  indi- 
cated there  seems  to  be  no  strong  flow  of  water  until  the  salty  waters 
of  the  Peedee  sand  are  reached,  the  first  of  which  was  encountered  at  a 
depth  of  365  feet.  All  horizons  below  this  depth  to  bedrock  at  1,540 
feet  furnish  a  highly  saline  water. 


376 


THE  COASTAL   PLAIN   OF   NORTH  CAROLINA. 


BRUNSWICK 

Ix)catlon. 

1 

9 

• 

Owner. 

1 

1 
1 

ill 
III 

10? 

10? 
10? 

20? 
0 

a 
I 

sea  level. 

sea  level. 
sea  level. 

sea  level. 

■Aft  I«VI>1. 

Depth-lcet. 
Diameter- inches. 

1 

1     Fort  Caswell 

U.  S.  Government 

1900 
1903 

800     6    ■      71Q 

+  0 

2   ....do 

....do 

171  '  6 
1,543    .... 

1 

103  1  2 
400     A 

~r   V 

3  , do 

....do 

strons 
flow  at 
1.442. 

101 
IJiO 

1 
4     Sottthport 

Town 

1902 
1896 

1902 
1901 

—13 

h    Quarantine  Station,  1  mile 

U.  S.  Government 

+  0 

E.  of  Soutbport. 
6     Freeland 

J.  0.  Inman 

E.  Little 

about 
260. 
150 

1 

+  Z 

7     Freeland ,  2|  miles  E.  of 

+  21 

1 
8     Malmo 

L.  Hanson 

* 

1      — 

37?    2?  i       37? 

1 

—  0 

CAMDEN    COUNTY. 

Topography. — The  Pamlico  terrace  plain  of  the  Pleistocene  forms 
the  entire  surface  of  the  county.  This  surface  is  very  low  and  level, 
nowhere  exceeding  25  feet  above  sea  level.  The  highest  elevation  is 
between  Lilly  and  South  Mills  in  the  northern  part  of  the  county. 
From  here  the  plain  slopes  gently  to  the  east  and  southeast,  reaching 
sea  level  in  the  extreme  southeast. 

Geology. — Pleistocene  terrace  deposits  of  the  Pamlico  formation,  con- 
sisting of  fine  sands  and  sandy  loams,  form  the  surface  materials  over 
the  whole  area.  These  are  underlain  probably  in  part  by  Pleistocene 
shell  marl  beds,  and  by  Tertiary  sands,  clays,  and  shell  marl  beds  be- 
lieved to  be  in  part  of  Miocene  and  in  part  of  Pliocene  age.  There 
are  no  data  showing  the  thickness  of  the  underlying  Tertiary  forma- 
tions, but  borings  at  Norfolk,  Va.,  distant  20  miles  from  the  northern 
boundary  of  Camden  County,  show  the  Tertiary  at  that  place  to  have 
a  thic'kno«5s  of  about  800  feet,  and  it  is  possible  that  a  comparable  thick- 
ness exists  here. 

Water  Resources. — Over  the  greater  part  of  the  county  shallow  dug 
and  driven  wells,  7  to  13  feet  deep,  supply  a  considerable  amount  of 
soft  water  from  the  sandy  beds  at  the  base  of  the  terrace  deposits. 
The  deeper  driven  wells  enter  the  underlying  shell  beds  and  blue  clay, 
and  while  yielding  an  abundance  of  water  it  is  in  many  cases  hard 
and  sometimes  ferruginous,  and  therefore  unsatisfactory.     The  deepest 
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Flow—      Pump- 
gallons.  .    gallons. 
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Peedee  formation?  gravel 
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Basement  rock  struck  at  1,540  ft.; 
strong  flow  at  1.442  ft.  See  sec- 
tion, p.  169.   Length  and  sire  of 


casing:  75'-l6';  726'-12'; 
1,4407-10*;  l,440'?-8';  1,46 


462'-7* 


Length  and  slie  of  casing:  400'- 
6*?;  400'-4J*.  See  section,  p. 
168.  See  U.  S.  G.  S..  W.  S.  and 
I.  P.,  No.  160, 1906.  p.  97. 


well  reported  in  the  county  has  a  depth  of  48  feet.  Overflows  have 
never  been  obtained.  Driven  wells,  locally  called  "pumps,"  are  rapidly 
taking  the  place  of  open  dug  wells  throughout  the  county.  It  is  re- 
ported that  at  Lilly  water  is  taken  from  the  Dismal  Swamp  Canal  for 
drinking  and  for  domestic  purposes.  At  South  Mills  the  canal  water 
is  used  only  for  watering  stock,  cistern  water  being  used  for  laundry 
purposes,  and  by  one  family  for  drinking.  Several  families  use  water 
taken  from  a  stream  issuing  from  a  swamp  about  2  miles  from  the 
town.  This  water  is  soft  and  is  said  to  be  very  good,  but  it  has  the 
dark  reddish-brown  color  so  often  seen  in  the  swamp  streams  of  the 
south.  Wells  are  also  used  at  both  these  places  for  household  purposes. 
Artesian  Prospects. — The  porous  sand  beds  of  the  underlying  Plio- 
cene and  Miocene  deposits  should  furnish  an  abundance  of  potable 
water.  Owing  to  the  presence  of  shells  in  many  of  the  strata  the  water 
is  apt  to  dissolve  enough  calcium  salts  to  make  it  hard.  There  are  indi- 
cations that  at  depths  exceeding  300  feet  briny  waters  would  be  encoun- 
tered. The  water  will  rise  near  the  surface  in  all  parts  of  the  county, 
but  except  at  very  low  levels  no  flows  will  be  obtained. 

CARTERET    COUNTY. 

Topography. — The  entire  surface  of  the  county  is  made  up  of  two 
Pleistocene  terrace  plains.  The  first,  or  Pamlico  plain,  covers  all  the 
area  to  the  eastward  of  a  north-south  line  a  few  miles  west  of  the  Nor- 


•^-a  I'--*-!.  7h*-  ''^•^•lA  or  ^'L:.-van  i.lain  clover?  'Le  reiLAin-i^r  of  :h*- 
'"/%:.•;.'.  «.'•?,  *I''va':or.i  of  :?'•  to  4<»  f*-f-:.     Core  and  Rr»ffTie  s-'i-aTi'ls  are 

*  r.^.  r,arroTr  ry^^>.-  of  wa**-r  -jf-para'^  from  the  ocean  bv  a  nearlv  eot- 
*.'.*.  '-•  ''T.\t  ;i  \iiiA  ki.'»vi.  a-  •?>  ^aLk*.  wLir-h  ex'^-r.-l-i  ik-i.e  *L^  • -^a:: 
fr'i.'-*  of  •h*'  co'ir-tv.  The  r-^i.^-iriiii^v  of  the  bank<  i?  broken  onlv  a: 
l>  -j^or,  a;,'i  a*  B'^^i*-,  Whisl-ff^f.*-.  and  O-raixk*^  iLi^**.  Manv  large- 
•a;,'l  d»jr.^»  Lave  l^-^^i  formed  on  *be  bank^. 

(ifO'oofK — Th*^  iiirfar-e  n.a^eriaU  over  »be  eniire  countr-  oon?ift  of 
PI<-i-VK'/-ne  -ar.'J*,  -ai.dv  loan.?,  and  flav«  of  the  Chowan  and  Pan^Iii^o 
forjf,a?iori*,  Th*-/f  are  underlain  bv  ^nd*.  flar«,  and  sh^U  nr*arU,  in 
p5irt  of  PVifHf'Uf:  and  probably  in  part  of  Plf-i-fiow-ne  age.  The  Pliocene 
Ud-  Hff'  f/'l:#'V*-d  'o  rf-»t  ni.on  Mior-^-ne  •and^.  clavs  and  marl*  a:  sfm.e 
d^'fi»h  Ij^-neath  tb^  snirfaee,  and  in  tlie  western  part  of  the  connty  the 
lattf-r  Tf'^t  in  turn  upon  Eoeene  linjf-iton*-*  of  the  Trent  formation. 
In  fb^'  i'X^Tf'UH'  wr— r  the  Eo^-f-ne  lime-s^cne*  oecur  at  shallow  depths  be- 
n^-atb  tbe  Mirfar-e,  but  dip  ea-tward  and  pass  beneath  the  Miocene. 

Water  Reftourrt^s. — Xearlv  all  the  villages  and  towns  of  this  connty 
ar^'  iiitnated  on  tbe  lowlands  bordering  the  coast.  The  inhabitants 
obtain  tlu'ir  water  .-iipjilif'S  from  4ialb*w  oj>en  or  driven  wells  7  to  35 
i('0\  in  deptb.  Cisterns  are  in  use  at  several  places.  Only  a  very  few 
f'tfiall  apringK  are  known  to  occur  within  the  county.  The  quality  of 
tb^'  water  in  tbe  shallow  wells  varies  considerablv,  but  is  as  a  rule 
froft.     Tbe  water  is  reported  to  l>ecoine  brackish  at  times  in  many  of 

♦  lir-  w^li-.  In  sr>nie  of  tbe  driven  wells  the  waters  are  ferruginous. 
Wat^T  a^-ay-i  were  made  of  shallow  well  waters  taken  at  diflFerent  parts 
of  tb^  ^'ounty.     TSee  Table  1,  pp.  492-495.) 

'l'\t<'  W  S.  Life-saving  Station  on  the  banks  opposite  Beaufort  is  sup- 
\t\\t't\  r-ritin-iy  by  cistern  water.  Water  of  a  poor  quality  is  obtainable 
Ijr-r^-  '.ufJiiri  2  or  3  fwt  of  tbe  surface.  Beaufort  has  a  public  fire  sup- 
ply con««I^iiM^  of  three  croups  of  wells  at  three  of  the  street  comers  on 
\W(i'Af\  Stri'H.  There  are  five  wells  in  each  group:  one  4-inch  well  in 
tli^'  vi'MM'T  and  four  2-inch  wells  surrounding  it,  all  connected  with  a 
pip^'  of  tbe  same  size  as  the  fire  hose.  The  depths  of  the  wells  are 
from  25  to  30  feet.  The  heaviest  pumping  by  hand  engines  shows  no 
'Jlinihiition  of  supply.  At  the  time  Beaufort  was  visited  plans  were 
b«'in^  Tfiarle  for  the  installation  of  eight  more  groups  of  wells. 

Monlir-ad  T'lty  has  six  dug  wells  used  exclusively  for  fire  protection. 
The  rlinifrisions  of  each  well  are  8  feet  wide  by  12  feet  long  by  10  feet 
<\<'f']K  The  water  in  them  usually  stands  within  about  5  feet  of  the  sur- 
fa^'e.  They  furnish  large  supplies  of  water.  At  one  fire  two  of  them 
wi'vo  [)nri:[)efl  dry  by  a  gasoline  engine,  but  refilled  in  two  hours. 
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Deep  wells  have  been  drilled  at  a  number  of  places  in  the  county. 
Mr.  H.  H.  Carr,  driller,  of  Goldsboro,  X.  C,  has  furnished  the  follow- 
ing table  of  records  of  wells  drilled  at  Beaufort,  K".  C. : 

RECORD  OP    WELLS   DRILLED  AT   BEAUFORT,    N.   C. 

By  H.  H.  Carr. 


No. 


1 
2 
3 
4 
5 
6 


Owner. 


D.  Dawson  Son  Company 

Town  of  Beaufort 

Town  of  Beaufort 

Town  of  Beaufort 

Town  of  Beaufort 

C,  A.  Clawson. 


Depth.      Diameter. 


280 
280 
300 
280 
280 
280 


2  inches 
2  inches 
2  inches 
2  inches 
2  inches 
2  inches 


How  Obtained. 


Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 


In  the  vicinity  of  Stella,  shell-rock  probably  of  Eocene  age  is  reported 
to  underlie  the  surface  at  depths  ranging  from  3  to  20  feet.  Water 
obtained  below  this  rock  is  hard.  Mr.  J.  C.  Barker  drilled  to  a  depth 
of  78  feet  at  this  place,  and  after  the  drill  had  passed  through  several 
strata  of  shell-rock,  hard  water  rising  to  within  25  feet  of  the  surface 
was  obtained. 

For  detailed  information  regarding  other  deep  wells  in  the  county 
the  reader  is  referred  to  the  table  of  well  data  below. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  492-495, 
assays  Xos.  29-35.     These  are  discussed  on  pp.  485,  486. 

Artesian  Prospects. — In  the  west  the  sandy  and  more  porous  layers 
in  the  Eocene  limestone  and  farther  east  the  sandy  strata  of  the  Mio- 
cene and  Pliocene  beds  are  water-bearing.  These  horizons  are  reached 
at  depths  of  from  30  to  300  feet.  It  would  appear  from  the  data  con- 
tained in  the  accompanying  tables  that  the  principal  water  horizon  at 
Beaufort  lies  between  270  and  300  feet  below  the  surface,  and  at  More- 
head  City  between  225  and  230  feet  below  the  surface. 
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CHOWAN    COUNTY. 

Topography. — The  surface  of  this  county  is  made  up  of  two  Pleisto- 
cene terrace  plains.  The  lowest  or  Pamlico  plain  at  elevations  not  ex- 
ceeding 25  feet  covers  the  southeastern  part  of  the  county  and  is  pres- 
ent as  a  belt  of  varying  width  along  Chowan  River  to  the  northern 
boundary  of  the  county.  The  second  or  Chowan  plain  covers  the  north- 
eastern portion  of  the  area  and  extends  as  a  narrow  ridge  down  through 
the  center  of  the  county  to  within  a  few  miles  of  its  southern  extremity. 
The  two  plains  are  separated  by  a  well-defined  seaward-facing  scarp. 
Just  to  the  west  of  this  scarp  on  the  Chowan  plain  is  a  long,  narrow 
rid^e  of  sandhills  averaging  perhaps  10  feet  above  the  general  level  of 
the  plain.  These  are  believed  to  be  wind  dunes  formed  at  the  time  the 
sea  margin  lay  along  the  base  of  the  escarpment.  The  Chowan  plain 
is  ('(jiisidcrably  dissoctod  by  stream  erosion. 

(icolofjy. — The  surface  materials  of  the  county  consist  of  sands, 
snndy  loams,  and  clan's  of  Pleistocene  age  which  belong  to  the  Chowan 
and  Pniiilico  formations.  The  entire  county  is  underlain  by  sands, 
<'lnvs,  and  slicU  marls  of  Miocono  ago  whose  thickness  amounts  to  at 
least  500  or  600  feet.  These  are  believed  to  rest  upon  beds  of  Creta- 
ccons  af^o. 

Waier  Resources. — Except  at  Edenton,  no  deep  wells  have  been 
drilled  in  this  county,  and  the  water  supply  is  derived  from  open  and 
driven  wells  10  to  70  feet  in  depth.  The  water  of  the  open  wells  which 
ranj^os  in  depth  from  10  to  20  foot,  and  of  the  shallower  driven  wells, 
comes  from  water-bearing  sands  in  the  lower  part  of  the  Pleistocene 
beds.  The  deeper  driven  wells  penetrate  the  Miocene  deposits.  Very 
few  of  the  driven  wells  are  over  50  feet  in  depth. 
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At  Edenton  many  families  are  using  driven  wells  whose  average 
depth  is  about  30  feet.  Cisterns  are  also  used  to  some  extent.  Some 
of  the  large  manufacturing  establishments  take  water  from  the  bay. 
In  a  small  stream  valley  which  extends  up  into  the  center  of  the  town, 
where  the  elevation  is  less  than  10  feet  above  sea  level,  flowing  wells  are 
obtained  at  depths  of  from  30  to  40  feet  below  the  surface.  The  wells 
now  flow  2  to  3  gallons  per  minute  a  few  inches  above  the  surface,  and  it 
is  said  the  water  will  rise  3  or  4  feet  higher  when  confined  in  pipes. 
Wells  located  on  the  plain  on  which  the  main  part  of  the  town  is  built 
tap  the  same  horizon,  but  the  water  will  rise  only  to  within  2  or  3  foot 
of  the  surface.  Detailed  information  is  given  in  the  table  below  re- 
garding a  number  of  the  more  important  deep  wells  at  and  near  Eden- 
ton, and  additional  information  is  here  added  regarding  these  and 
other  wells. 

In  1893,  owing  to  the  waters  of  Albemarle  Sound  becoming  brack- 
ish from  protracted  drouth,  it  became  necessary'  to  provide  some  other 
source  of  supply  for  the  boilers  of  the  mills  belonging  to  the  Branning 
Manufacturing  Company.  At  their  planing  mill  within  the  limits  of 
the  town  of  Edenton,  four  2^-inch  wells  driven  to  depths  varying 
from  62  to  65  feet  furnished  an  abundant  supply  of  hard,  but  fairly 
good  steaming  water  and  excellent  drinking-water.  These  wells  still 
supply  that  mill.  At  the  other  mills  lying  on  a  point  of  swampy  land 
between  two  creeks  just  outside  of  Edenton,  28  wells  were  driven,  strik- 
ing, at  a  depth  of  from  65  to  60  feet,  a  scanty  supply  of  water  with  an 
offensive  odor  and  utterly  useless  for  drinking  purposes.  The  combined 
output  of  these  28  wells  was  not  sufficient  to  supply  the  boilers.  None 
of  these  were  flowing  wells,  and  in  those  at  the  mills  between  the 
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creeks  the  water  never  rose  higher  than  within  20  feet  of  the  surface. 
One  of  the  latter  was  then  sunk  to  a  depth  of  360  feet,  but  no  other 
water  horizons  were  encountered.  This  deep  well  was  situated  about 
midway  between  the  deep  wells  at  the  waterworks  and  those  at  the 
Fish  Hatchery  in  which  flows  Ave  re  obtained  at  from  208  to  245  feet. 
Mr.  Branning  also  drilled  a  well  to  a  depth  of  200  feet  at  his  house  on 
Main  Street  in  Edenton,  but  failed  to  penetrate  water-bearing  beds. 

In  1903,  two  wells  212  and  214  feet  deep,  respectively,  and  situated 
about  1.^0  feet  apart,  were  drilled  for  the  town  near  the  shore  of  the 
bay.  (See  table.)  At  a  depth  of  about  200  feet  a  soft  shell  conglom- 
erate was  encountered  from  beneath  which  water  issued  which  flowed 
at  the  surface,  the  combined  flow  of  the  two  wells  being  about  20  gal- 
lons per  minute.  Xonflowing  horizons  were  encountered  at  depths  of 
20,  40,  and  60  feet  respectively.  The  following  year,  1904,  the  present 
water  supply  system  was  installed.  The  40-foot  horizon  was  tested  with 
a  pump  having  a  capacity  of  150  gallons  per  minute.  It  failed  to  supply 
sufficient  water.  The  lowest  horizon  from  which  the  flows  were  ob- 
tained was  then  tested  and  was  found  to  furnish  a  combined  maximum 
yield  from  the  two  wells  of  500  gallons  per  minute,  which  was  sufficient 
to  meet  the  demand.  The  water  is  pumped  from  the  wells  to  a  nearby 
tank  built  upon  a  steel  frame  tower,  which  has  a  capacity  of  65,000 
gallons  and  which  when  full  furnishes  a  pressure  of  35  to  40  pounds 
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per  square  inch.  A  direct  pressure  of  110  pounds  per  square  inch  can 
be  applied  from  the  pumps.  Thirty-five  thousand  gallons  are  used 
daily,  about  one-fifth  of  the  people  in  Edenton  using  the  city  supply. 
Three  public  taps  flow  continuously.  There  are  about  25  fire  hydrants, 
112  private  taps,  and  approximately  5  miles  of  mains.  The  wells  fur- 
nish an  abundant  supply  of  water  for  the  needs  of  the  town.  The 
water  is  hard  (see  Analysis  No.  24,  Table  2)  and  has  a  strong  sulphurous 
odor  and  taste  when  it  first  issues  from  the  wells. 

One  assay  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  follows:  Table  1,  pp.  494,  495,  assay  N^o.  36; 
Table  2,  pp.  504,  505,  analysis  'No,  24.   These  are  discussed  on  page  486. 

Artesian  Prospects. — ^With  local  exceptions,  an  abundant  supply  of 
rather  hard  water  is  obtainable  in  this  county  at  depths  of  from  30  to 
250  feet.  In  many  cases  flows  may  be  obtained  where  the  surface  ele- 
vations are  less  than  10  feet  above  sea  level.  Locally,  the  water  is  apt 
to  contain  iron  salts,  and  in  many  cases  it  will  give  off  the  odor  of 
hydrogen  sulphide  when  it  first  issues  from  the  wells. 

It  is  impossible  to  predict  with  any  certainty  the  outcome  of  at- 
tempts to  obtain  potable  water  at  depths  exceeding  250  feet.  At  some 
depth,  perhaps  between  500  and  600  feet,  the  Miocene  beds  would  be 
passed  through  and  strata  of  Cretaceous  age  entered.  Waters  from 
the  latter  would  probably  be  highly  mineralized. 
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COLUMBUS  COUNTY. 

Topography, — The  surface  of  the  county  is  formed  entirely  of  Pleis- 
tocene terrace  plains,  which  are  dissected  somewhat  by  stream  erosion. 
There  are  no  topographic  maps  of  any  portion  of  the  area.  From  ele- 
vations obtained  from  railroad  profiles  and  from  field  observations  it 
has  been  determined  that  a  considerable  area  in  the  northeast  which 
extends  westward  along  the  Atlantic  Coast  Line  Railroad  as  far  as 
Whiteville  constitutes  a  portion  of  the  Wicomico  terrace  plain,  at  ele- 
vations of  60  to  perhaps  80  feet  above  sea  level.  The  next  lower  or 
Chowan  plain  is  believed  to  form  the  surface  over  much  of  the  south 
and  southeastern  part  of  the  county.  Waccamaw  Lake  occupies  a  de- 
pression in  this  plain,  and  Green  Swamp,  which  lies  to  the  southeast 
of  the  lake,  forms  a  part  of  its  area.  The  Wicomico  plain  is  present 
also  along  Lumber  River  in  the  western  part  of  the  county.  The  Sun- 
derland terrace  plain,  which  is  next  higher  than  the  Wicomico,  is  be- 
lieved to  cover  a  considerable  area  in  the  west  along  the  line  of  the 
Atlantic  Coast  Line  Railroad  connecting  Elrod  and  Conway,  at  eleva- 
tions exceeding  100  feet. 

OeoJogy, — Pleistocene  terrace  deposits  consisting  of  sands,  sandy 
loams,  and  clays  belonging  to  the  Sunderland,  Wicomico,  and  Chowan 
formations,  cover  the  entire  county.  With  the  possible  exception  of 
the  extreme  northwest,  where  the  Black  Creek  ("Bladen")  formation 
may  be  present,  the  entire  county  is  underlain  by  beds  of  the  Peedee 
("Burches  Ferry")  formation,  consisting  of  marine  sands  and  clays. 
Over  considerable  areas  in  the  northeastern  part  of  the  county  tbin 
sheets  of  Miocene  or  Pliocene  sands,  clays,  and  shell  marls  inten-ene 
between  the  overlying  Pleistocene  deposits  and  the  Peedee  surface  be- 
low. These  relations  have  been  observed  on  the  north  shore  of  Wacca- 
maw Lake,  along  Cape  Fear  River,  and  in  a  number  of  well  sections 
at  intervening  points.  Miocene  is  mapped  by  Kerr  along  White  Marsh 
to  the  west  of  Waccamaw  Lake. 

Water  Resources. — In  Columbus  County,  as  in  nearly  all  the  Coastal 
Plain  counties  of  the  State,  the  Pleistocene  surficial  deposits  offer  a 
practically  inexhaustible  supply  of  water  for  general  purposes.  In 
some  parts  of  the  county  these  beds  are  relied  upon  for  the  chief  supply 
at  the  present  time,  and  in  the  past  practically  the  whole  county  de- 
pended upon  this  source.  The  water  is  obtained  by  means  of  open 
dug  wells  and  driven  wells. 

The  unsatisfactory  nature  of  shallow  well  waters,  however,  led  to 
attempts  to  obtain  supplies  from  deeper  sources,  and  the  results  have 
been  exceedingly  gratifying.  !N"o  county  in  the  Coastal  Plain  of  the 
State  has  a  greater  .number  of  flowing  wells.     The  quality  of  the  water 
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is  almost  universally  good,  and  much  of  it  may  be  classed  as  excellent. 
A  very  large  number  of  flowing  wells  have  been  obtained  in  the  region 
immediately  to  the  north  of  Waccamaw  Lake  and  extending  northeast 
to  the  county  line,  and  from  Lake  Waccamaw  westward  along  either 
side  of  the  Atlantic  Coast  Line  Railroad  as  far  as  Vineland,  and  also 
in  a  wide  tract  bounded  on  the  north  by  the  Atlantic  Coast  Line  Rail- 
road between  the  points  just  mentioned,  on  the  southeast  by  the  Wacca- 
maw River,  on  the  southwest  by  the  South  Carolina  line,  and  on  the 
northwest  by  a  line  running  from  Vineland  to  Tabor.  A  number  of 
flowing  wells  have  been  obtained,  also,  in  the  extreme  western  part  of 
the  county  in  the  vicinity  of  Fairbluff.  In  the  eastern  part  of  the 
county  from  Bolton  eastward  a  number  of  good  wells  have  been  ob- 
tained, but  except  in  one  well  at  Cronly  the  water  did  not  rise  high 
enough  to  flow  at  the  surface. 

Detailed  information  has  been  obtained  from  well  owners,  drillers, 
and  others  regarding  many  of  these  wells.  Because  of  the  great  simi- 
larity of  the  wells  in  any  given  community,  it  has  seemed  unnecessary 
to  tabulate  the  facts  concerning  all  of  them.  One  or  more  of  the  more 
typical  wells  in  each  community  have  been  selected  and  are  included  in 
the  table  of  well  data  given  below. 

Some  additional  information  as  to  the  number  of  wells,  depth,  quality 
of  the  water,  etc.,  in  a  number  of  communities  is  here  included. 

At  Lake  Waccamaw  the  wells  range  in  depth  from  about  80  to  215 
feet. 

At  Wananish  the  conditions  are  similar  to  those  at  Lake  Waccamaw, 
although  no  wells  have  been  reported  exceeding  160  feet  in  depth.  J.  P. 
Council,  who  lives  about  one-half  mile  south  of  the  railroad  station,  has 
a  number  of  flowing  wells  on  different  parts  of  his  plantation. 

Several  flowing  wells  have  been  drilled  by  the  Carolina  Trucking 
Development  Company  at  Artesia. 

At  Hallsboro  and  in  the  immediate  vicinity  there  are  a  number  of 
flowing  wells  ranging  in  depth  from  80  to  125  feet. 

Many  wells  are  reported  at  Vineland  and  the  surrounding  country 
ranging  in  depth  from  60  to  210  feet.     They  flow  small  streams. 

From  Vineland  soutlioaslward  to  Old  Dock,  in  the  vicinity  of  Bug 
Hill,  Pireway,  Dothan,  Guide,  and  MoUie,  and  in  the  intervening  disr- 
tricts,  large  numbers  of  flowing  wells  ranging  in  depth  from  100  to  200 
feet  have  been  reported.  Almost  every  landowner  has  one  or  more 
wells. 

At  Fairbluff  a  number  of  wells  100  to  300  feet  in  depth  having  very 

small  flows  or  rising  nearlv  to  the  surface  have  been  obtained. 
25 
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No  flowing  wells  have  been  reported  from  Boardman  or  vicinity. 
The  Butters  Lumber  Company  made  several  efforts  to  obtain  flows,  at 
one  time  driving  a  1-inch  pipe  to  a  depth  of  150  feet,  but  without  suc- 
cess. 

At  Chadboum  in  the  years  1906  and  1907,  the  Independent  Ice  Com- 
pany of  Wilmington,  N.  C,  made  two  attempts  to  obtain  water  for 
their  new  ice  plant  by  drilling,  the  second  of  which  was  successful. 
In  the  first  well  the  drilling  was  carried  to  a  depth  of  486  feet  without 
obtaining  sufficient  water  to  supply  the  needs  of  the  plant.  Marine 
materials,  consisting  of  sands,  clays,  and  indurated  calcareous  layers, 
were  penetrated  from  a  depth  of  about  50  feet  to  the  bottom  of  the  well, 
as  shown  by  the  driller's  record.  These  should  be  referred  to  the  Peedee 
formation.  The  second  well  was  located  150  feet  from  the  first.  At  a 
depth  of  135  feet  an  abundance  of  water  was  encountered  in  a  coarse 
sand  stratum  in  the  Peedee  formation.  The  diameter  of  this  well  is  10 
inches.  The  water  rises  to  within  12  feet  of  the  surface.  The  capacity 
of  the  well  was  tested  with  a  rotary  pump  and  found  to  be  2,690,000 
gallons  per  24  hours,  or  at  the  rate  of  over  1,800  gallons  per  minute. 
The  water  is  now  being  used  at  the  rate  of  500,000  gallons  per  day  for 
the  manufacture  of  ice. 

At  Cronly  and  at  Xewberlin,  both  in  the  extreme  eastern  part  of 
the  county,  slightly  salty  water  was  obtained,  the  former  at  a  depth 
of  278  feet  and  the  latter  at  a  depth  of  238  feet. 

The  deeper  wells  over  the  greater  part  of  the  county  obtain  their 
supply  from  horizons  in   the  Peedee  formation.     Those  at   Fairbluff, 
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however,  probably  penetrate  the  underlying  Black  Creek  formation. 

Assays  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  follows:  Table  1,  pp.  494,  495,  assays  Nos. 
37-51;  Table  2,  pp.  504,  505,  analysis  "No,  25.  These  are  discussed  on 
page  486. 

Artesian  Prospects, — The  distribution  of  wells  as  indicated  in  the 
above  discussion  of  water  conditions  and  in  the  table  leads  one  to  the 
conviction  that  the  prospects  for  obtaining  potable  water  from  deep 
sources  are  excellent  throughout  most  of  the  county.  At  elevations  not 
exceeding  65  or  70  feet  above  sea  level  natural  flows  may  in  most  places 
be  obtained.  At  greater  elevations,  except  possibly  in  the  case  of  wells 
tapping  much  deeper  horizons  than  have  yet  been  reached,  the  water 
^vill  not  rise  above  the  surface,  and  it  will  be  necessary  to  employ 
pumps.  There  is  no  reason,  however,  why  the  quality  should  not  be  as 
good  as  in  the  case  of  flowing  wells.  It  is  probable  that  much  of  the 
western  and  northwestera  part  of  the  county,  except  the  lower  lands 
bordering  Lumber  River  and  its  tributaries,  is  too  high  for  flowing 
wells  to  be  possible.  Likewise  much  of  the  county  from  Bolton  east- 
ward, except  in  the  case  of  lowlands  along  the  creeks,  is  at  too  great 
an  elevation  for  flows  to  be  obtained,  as  shown  by  the  negative  results 
of  a  number  of  attempts.  In  the  extreme  eastern  part  of  the  county 
in  the  region  about  Cronly  and  Newberlin,  wells  exceeding  200  feet  in 
depth  will  obtain  a  slightly  brackish  water,  and  it  is  believed  that  over 
other  parts  of  the  county  wells  exceeding  300  or  400  feet  would  en- 
counter water  of  a  similar  character. 
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CRAVEN   COUNTY. 

Topography. — Terrace  plains  of  the  Pleistocene  formations  form  the 
entire  surface.  The  lowest  or  Pamlico  plain  exists  to  a  rather  limited 
extent  along  Neuse  and  Trent  rivers ;  the  next  higher  or  Chowan  plain 
covers  the  greater  part  of  the  county,  with  elevations  of  30  to  40  or  45 
feet;  the  third  or  Wicomico  plain,  with  elevations  of  50  to  55  feet,  is 
present  in  the  extreme  west,  including  that  portion  of  the  Great  Dover 
Swamp  which  extends  into  the  county.  Considerable  portions  of  all 
of  these  terraces  are  covered  by  swamp  lands. 

Geology. — Much  of  the  county  from, the  vicinity  of  New  Bern  west- 
ward is  underlain  by  porous  limestones  of  Eocene  age,  referable  to  the 
Trent  formation.  The  northeastern  portion  is  probably  underlain  by 
Miocene  sands,  clays,  and  shell  marls,  while  that  portion  lying  south 
of  Neuse  River  estuary  is  underlain  by  similar  beds  of  Miocene  and 
Pliocene  and  possibly  in  part  of  Pleistocene  age.  Thin  sheets  of  Mio- 
cene resting  upon  the  Eocene  are  present  over  parts  of  the  area  where 
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the  latter  exists.  All  older  formations  are  covered  by  thin,  surficial 
Pleistocene  deposits  consisting  of  sands,  sandy  loams,  and  clays  be- 
longing to  the  Wicomico,  Chowan,  and  Pamlico  formations.  The 
whole  county  is  underlain  beneath  the  Eocene  and  other  Tertiary  beds 
by  Cretaceous  marine  sands  and  clays  of  the  Peedee  ("Burches  Ferry^') 
formation.  These  exist  at  depths  perhaps  not  exceeding  100  feet  in 
the  northwestern  part  of  the  county,  but  become  deeper  and  deeper 
below  the  surface  toward  the  coast. 

Water  Resources, — The  inhabitants  of  the  smaller  villages  of  the 
county  and  most  of  the  farmers  obtain  their  water  supplies  from  shal- 
low open  and  driven  wells  tapping  the  water-bearing  sandy  beds  in  the 
lower  portion  of  the  Pleistocene  deposits.  These  wells  range  from  6  to 
24  feet  in  depth.  The  driven  wells  average  a  little  deeper  than  the  dug 
wells.  The  water  from  some  of  the  former  is  reported  as  ferruginous. 
In  the  larger  towns  there  are  but  few  open  wells.  Driven  and  drilled 
wells  are  by  far  the  most  abundant.    In  James  City,  which  is  situated 
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on  a  sand  spit  between  the  Xeuse  and  Trent  rivers  opposite  Xew  Bern, 
the  colored  population  obtain  their  drinking-water  from  shallow  wells 
10  to  20  feet  in  depth.  The  water  here  is  liable  to  surface  pollution, 
and  all  shallow  open  or  driven  wells  in  this  place  should  be  condemned 
and  a  supply  obtained  from  deeper  sources.  Many  wells  have  been 
sunk  to  the  porous  water-bearing  Eocene  limestones  and  sands  and  a 
few  to  Miocene  beds,  the  latter  being  in  the  extreme  northeastern  part 
of  the  county.  A  good  supply  is  usually  obtained.  Flows  have  been 
obtained  only  in  the  extreme  southeast. 

Detailed  information  r^arding  a  considerable  number  of  these 
deeper  wells  is  given  in  the  table  of  well  data. 

Additional  notes  are  included  regarding  artesian  conditions  at  Xew 
Bern  and  a  number  of  other  places. 

Xew  Bern  has  a  water  system  owned  and  operated  by  the  city.  The 
plant  was  installed  about  the  year  1892,  but  was  later  much  improved. 
The  supply  is  obtained  from  6  wells  each  94  feet  in  depth  which  tap 
the  water-bearing  Eocene  limestones  underlying  the  city.  The  wells 
and  pumping  plant  are  situated  on  the  western  edge  of  the  city.  The 
water  is  pumped  to  a  standpipe  of  250,000  gallons  capacity,  at  the 
plant,  from  which  it  flows  directly  into  the  mains  by  gravity,  giving 
when  full  a  tank  pressure  of  approximately  45  pounds  per  square  inch. 
Connections  can  be  made  in  case  of  fire  whereby  the  water  can  be 
pumped  directly  into  the  mains  with  a  pressure  of  90  to  125  pounds. 
The  wells  are  said  to  be  inexhaustible,  but  when  the  pumps  are  run 
at  full  speed  the  water  level  can  be  lowered  25  feet.  About  50  per 
cent  of  the  inhabitants  are  supplied  with  city  water.  There  are  750  pri- 
vate taps,  10  horse  foimtains,  and  76  fire  hydrants.  The  maximum 
capacity  is  1,200,000  gallons  per  day.  The  Blade  Lumber  Company, 
the  Pine  Lumber  Company,  and  the  Xew  Bern  Cotton  Oil  and  Fer- 
tilizer Mills  each  have  deep  wells  which  are  connected  with  the  city 
system,  and  in  the  case  of  an  overstrain  on  the  wells  of  the  city  water- 
works these  companies  assist  by  pumping  directly  into  the  mains.  In 
portions  of  the  city  not  reached  by  the  waterworks  the  city  maintains 
public  wells.  Many  of  these  are  drilled  wells  sunk  in  the  bottom  of 
shallow  open  wells.  A  number  of  years  ago  a  well  was  drilled  at  the 
pumping  station  to  a  depth  of  over  300  feet.  Mr.  A.  B.  Wallace,  a 
drillor  at  Xow  Bern,  reports  that  salty  water  was  found  in  this  well  in 
shell-rock  at  about  300  feet  below  the  surface.  According  to  X.  H. 
Darton,^  the  water-bearing  beds  at  Xew  Bern  consist  of  alternating 
layers  of  sand  and  shell-rock.  Large  supplies  of  water  are  obtained 
from  tho.so  sholl-rock  layers  and  water-bearing  sands.     The  first  shell- 
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rock  is  encountered  at  depths  vaiying  from  20  to  50  feet  below  the  sur- 
face. The  water  rises  to  within  8  feet  of  the  surface.  About  one-third 
of  the  houses  in  New  Bern  are  supplied  by  drilled  wells.  • 

At  Kiverdale  there  are  5  drilled  wells  ranging  from  55  to  100  feet 
in  depth,  the  water  rising  to  within  8  feet  of  the  surface.  The  supply 
probably  comes  from  beds  of  shell-rock. 

At  Croatan,  two  80-foot  wells  are  reported,  the  water  being  similar 
to  that  at  Riverdale.  At  Blades,  on  Clubfoot  Creek,  a  4-inch  well  105 
feet  deep  flowed  when  first  drilled. 

At  Tuscarora  shell-rock  is  encountered  at  25  feet  below  the  surface 
and  the  wells  range  from  28  to  100  feet  in  depth.  The  upper  portion 
of  the  limestone  is  reported  somewhat  porous.  Water  which  rises  to 
within  5  feet  of  the  surface  is  obtained.  At  Clark  and  Rhems  the  drilled 
wells  reach  water  in  shell-rock  at  from  30  to  60  feet  below  the  surface. 
At  the  former  place  the  water  rises  to  within  20  feet  of  the  surface. 

At  Vanceboro  an  attempt  to  obtain  artesian  water  resulted  in  securing 
only  a  small  supply  at  a  depth  of  60  feet.  Many  thin  layers  of  rock 
were  passed  through  between  25  and  60  feet. 

At  Cove  City  water  rising  nearly  to  the  surface  is  found  in  shell- 
rock  at  depths  of  from  65  to  110  feet. 

At  Dover  the  wells  average  40  to  60  feet  in  depth.  The  water  comes 
from  shell-rock,  and  rises  to  within  10  feet  of  the  surface.  At  the 
plant  of  the  Goldsboro  Lumber  Company  a  well  has  been  drilled  to  a 
depth  of  210  feet.  The  water  obtained  here  undoubtedly  comes  from 
the  Peedee  formation. 

At  Fort  Barnwell  drilled  wells  are  reported  to  be  rapidly  taking  the 
place  of  other  types.  Water  rising  to  within  7  feet  of  the  surface  is 
found  at  from  55  to  120  feet  below  the  surface. 

Assays  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  foUoAvs:  Table  1,  pp.  494,  495,  assays  Nos. 
52-63;  Table  2,  pp.  504,  505,  analysis  No.  26.  These  are  discussed  on 
page  486.  ^ 

Artesian  Pr*ospeds. — In  the  northwestern  part  of  the  county,  wells 
100  or  more  feet  in  depth  will  probably  encounter  water-bearing  sands 
in  the  Peedee  formation.  These  beds  pass  eastward,  becoming  deeper, 
but  at  depths  exceeding  300  feet  the  water  from  them  is  apt  to  be  salty. 
Indeed,  at  New  Bern  the  water  they  yield  is  so  salty  that  they  can 
hardly  be  looked  to  as  a  source  of  supply.  In  the  region  about  New 
Bern  unlimited  supplies  of  water  can  be  secured  from  the  shell-rock 
and  sand  layers  in  the  Eocene  at  depths  not  exceeding  300  feet.  In  the 
southeastern  part  of  the  county  abundant  supplies  of  water  may  be  ex- 
pected from  sand  and  marl  beds  of  Miocene  and  Pliocene  age. 


392 


THE  COASTAL  PLAIN  OF  NORTH  CAROLINA. 


CRAVEN 


LooftUon. 


Owner. 


S 


2 
3 
4 

5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 


a 
s 

I 


,11  i 


a 


8 

T 


New  Bern. 


.do. 
.do. 
.do. 


J.  F.Taybr 1S96 

'  1900 
1899 


New  Bern  Cotton  Oil  and 

FertUuer  Mills. 
....do 


sea  level. 
flea  level. 
Fine  Lumber  Co 1906  i  10      'sea  level. 


10 
5 
5 


level.     42 


56 
44 

50 


.do. 


.do. 


W.F.Abcrly 10 

City 1902  '  10 


level.     50T 
level.     94 


a 
I 

s 

S 


2 
5 
U 
'  5 

U 
6 


5J 

I  M-H 


.do. 


.do. 


.do. 


.do. 


.do. 


.do. 


New  Bern  loe  Co. 

...do 


.do. 


New  Bern,  10  miles  N.  of  . 
New  Bern,  8  miles  N  of  . . ' 

I 

New  Bern,  9  miles  N.  of . . . ; 
New  Bern,  2  miles  S.  W.  of' 
New  Bern,  10  miles  N.  of .' 
James  City | 


18  ....do i 

19  ...-do 

20  Tuscarora,  1  mile  S.  E.  of . 

21  Tuscarora,  1  mile  S.  of 

22  Cove  City , 

23    do 

24  Dover 

I 

2r)    ....do 

26  ....do 

27  Fort  Barnwell 

28  Croatan,  2  miles  N.  E.  of.. 

29  Riverdale 

30  North  Harlowe 

31  Newport ' 


....do 

C.F.Gaakins 

Alfred  Gaakins 

Cioero  QasklnB 

J.P.Rodman 

T.W.  Price 

Hunger  k  Bennett. 

...do. 


'about 
1890. 

I  about 
1890. 
1902 

1898 


New  Bern  Lumber  Co. 

R.  0.  Adams 

D.  R.  Adams 

W.J  Brothers 

W.E.White 

Goldaboro  Lumber  Co. 
....do 


1903 
1902 


10 
10 
10 
10 
10 
18 
15 
28 
20 
26 
about 


sea 

Isea 


sea 
sea 
sea 


level 
level, 
level, 
level, 
level, 
level, 
level, 
level, 
level, 
level, 
level. 


350i:'  8 


1906  '  about  sea  level. 

!  I 

1905  ,    0  'sea  level. 

1903  '  32?  sea  level.! 

1903  I  30+  [sea  level. 

1896  , 


150 
38 
38 
65 
82 
60 
74 
72 
42 
38 

65 


8 
3 
5 

I  ^- 
'  11 

U 

u 

14 
U 
6 


1903 


■  I 


1895     63 


level. 


Dover  Lumber  Co. 

B.  B.  Wooten 

E.G.Welch 

J.S.  FLsber 


about    63      !aea  level. 

1901. 

1906  62   sea  level. 


Joshua  Adams. 
W.S.BelL... 


1906 


24   sea  level.; 


40 

6 

40 

2 

70 

1 
2 

100 

11 

1004 

14 

210 

6 

125T 

6  1 

105 

3T 

107 

2 

80 

2 

84 

14 

56 
50? 


—  5 

—  4 


38 
38 
65 

78 


72   - 


40 


70 


92 


107 
60 


-10 
-13 

-4 
-4 

12 

-12 

12 

20? 

10 

8 

2 


—12 


1903   5   sea  level. 
1901  


110  •  3 
73   14 


—10 

—  8 
—12 

—  4 

-14 
—10 
—15 
—14 

—  3 
—20 
—15 

+  0 
—10 


WATER  BE80UBCES. 


393 


COUNTY. 


Yield  per  minute. 


Flow —      Pump- 
gallons.  I    gaUona. 


600 
250 


How 
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engine. 
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steam 
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steam 
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200 
I 
together ' 

pump 
2300  gals' 


steam 
pump, 
steam 
pump, 
steam 
pump, 
pump. 

...{  band  pump. 

...  hand  pump. 

...I  hand  pump. 

2    hand  pump. 

...   force  pump. 


force  pump. 


!       steam 

pump. 

pitcher 

I       pump. 

hand  force 

I       pump. 
20  ,  force  pump. 


hand  pump, 
air  pump. 


domestic. 

boiler  and  firfe 

protection. 

boiler. 

file  protection. 


domestic, 
city  supply. 

not  used. 

not  used. 

boiler  and  man- 
ufacture of  ice. 
boiler  and  man- 
ufacture of  ice. 
boiler  and  man- 
ufacture of  ice. 
domestic. 

domestic. 

domestic. 

domestic. 

drinking. 

boiler. 

boiler. 

domestic  and 

boiler. 

domestic. 

domestic. 

domestic. 

domestic. 

boiler. 

not  used. 

not  used. 


steam       '        boiler, 
pump, 
hand  pump.        domestic. 


flows. 


not  used. 


Geologic  horison 

and  character  of 

water-beds. 


Trent  formation;  shell- 
rock. 

Trent  formation;  shell- 
rock. 

Trent  formation;  shell- 
rock. 

Trent  formation;  shell- 
rock. 

Trent  formation;  shell- 
rock. 

Trent  formaticm;  shell- 
rock. 

Trent  formation? 

Trent  formation. 

Trent  formation;  shell- 
rock. 

Trent  formation;  shell- 
rock 

Trent  formation;  shell- 
rock.  ' 

Trent  formation;  sand. 

Trent  formation?  rock. 

Peedee  formation? 

Trent  formation;  shell- 
rock. 
Trent  formation;  rock. 

Trent  formation;  shell- 
rock. 


Trent  formation;  shell- 
rock. 

Trent  fornution;  shell- 
rock. 

Trent  formation;  white 
rock. 

Trent  formation;  rock. 

Peedee  formation? 
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Peedee  formation. 

Peedee  formation;  lime- 
stone. 

Trent  formation;  shell- 
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Trent  formation;  rock. 

Miocene?  rock. 


Remarks. 


Two  wells  pumped  together  yield 

500  sals,  per  minute. 
Three  wells;  depths.  48,  49  and  60 

ft.    See  water  assay  No.  59,  table 

1,  pp.  494. 495. 
See  water  assay  No.  61,  table  1, 

£D  494  495 
er  horisons  at  12.  15-18,  35-40 
and  70.  Six  wells,  each  91  ft. 
deep,  are  in  use. 
Hay  have  reached  Peedee  beds. 


See  analysis  No.  26.  table  2, 
pp.  504. 505. 


Another  horison  at  36-50  ft. 


Another  hoiisoD  at  22.    See  water 

assay. 
Another  horison  at  30. 

Hard,  scales  boilers.   Several  wells 
owned  by  company;  one  fur- 
'    nLshes  750  gals,  per  minute.   See 
water  assay   No.  55.  table  1, 
pp.  494.  495. 


See  water  assay  No.  53.  table  1, 

pp.  494,  495. 
See  water  assay  No.  54,  tabfe  1, 

pp.  494.  945. 


There  are  5  wells  at  Riverdale.  rang- 
ing in  depth  from  55-100  ft. 
Water  hard  and  ferruginous  in  all. 

See  water  assay  No.  62.  table  1. 
pp.  494,  495. 
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CUMBERLAND    COUNTY. 

Topography. — No  topographic  maps  have  heen  made  covering  areas 
within  the  limits  of  this  countv.  From  railroad  profiles  and  field  ob- 
servations it  has  been  determined  that  in  the  eastern  and  southeastern 
half  of  the  county  the  surface  is  made  up  of  three  Pleistocene  terrace 
plains.  The  Wicomico  plain  forms  a  bordering  terrace  2  or  3  miles 
wide  along  Cape  Fear  River  probably  throughout  its  north-south  ex- 
tent within  the  county  limits,  with  elevations  ranging  from  about  90 
feet  in  the  south  to  perhaps  120  feet  in  the  north.  The  Sunderland 
plain,  which  is  separated  from  the  Wicomico  plain  by  a  well-defiiied 
scarp,  with  elevations  probably  ranging  from  130  to  150  or  160  feet, 
covers  a  large  area  east  of  Cape  Fear  River.  This  plain  has  been 
considerably  dissected  by  streams.  The  Coharie  plain  forms  the  sur- 
face of  much  of  the  county  to  the  south  and  west  of  Cape  Fear  River, 
with  elevations  of  160  to  220  feet.  It  also  has  been  much  dissected 
around  its  borders.  Along  the  western  edge  of  the  town  of  Fayetteville 
it  is  separated  from  the  Wicomico  plain  by  a  steep,  well-defined 
escarpment.  The  Sunderland  plain  is  probably  absent  at  this  place, 
although  it  may  be  represented  by  small  patches.  The  northern  and 
western  parts  of  the  county  come  within  the  region  known  as  the  "sand- 
hills." The  surface  here  consists  of  rolling  hills  with  elevations  of  from 
230  to  over  400  feet. 

Geology, — The  Patuxent  formation,  consisting  of  arkosic  sands  and 
drab  compact  clays,  underlies  the  entire  county,  and  this  in  turn  rests 
upon  crystalline  rocks.  The  beds  are  best  exposed  in  the  bluffs  along 
Cape  Fear  River.  The  formation  attains  a  maximum  thickness  in 
the  southeastern  part  of  the  county  of  something  like  300  feet.  In 
the  southeastern  part  of  the  county  the  Black  Creek  formation  over- 
laps the  Patuxent  formation  and  rests  upon  it  unconformably.  It 
consists  of  laminated,  lignitic  sands  and  clays.  The  thickness  proba- 
bly does  not  exceed  100  feet  within  the  county.  Overlying  the  Pa- 
tuxent and  Black  Creek  formations  are  the  surficial  loams,  sands  and 
gravels  of  the  Coharie,  Sunderland,  and  Wicomico  formations,  and  in 
the  sandhill  region  the  sands  and  gravels  of  the  Lafayette  formation. 

^S'ater  Resources. — But  few  deep  wells  have  been  drilled  in  Cumber- 
land County.  Most  of  the  inhabitants  depend  upon  open  and  driven 
wells,  the  depths  of  which  average  15  to  25  feet.  At  places  open  wells 
are  not  over  6  feet  deep.  Driven  wells  are  in  places  as  deep  as  35  or 
40  feet.  On  the  hills  west  of  Fayetteville  and  at  Montrose  and  Inver- 
ness, where  the  land  is  higher  and  the  relief  greater,  the  level  of  ground 
water  is  lower  and  many  of  the  open  and  driven  wells  are  over  60  feet 
in  depth.     Most  of  the  shallow  wells  obtain  their  supply  from  Pleisto- 
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cene  sands  and  gravels  or,  in  the  northern  and  western  parts  of  the 
county,  from  similar  Lafayette  materials,  but  a  few  may  enter  the  un- 
derlying Patuxent  formation.  A  gr^at  many  springs  are  in  use,  some 
large,  some  small,  issuing  from  the  Pleistocene  or  Lafayette  sands. 
The  water  from  this  source  is  invariably  soft  and  low  in  mineral  mat- 
ter. The  deeper  wells  obtain  their  supply  either  from  the  sandy  beds 
of  the  Patuxent  formation  or  from  the  underlying  basement  rocks. 

In  the  included  table  of  well  data  will  be  found  the  more  important 
facts  concerning  the  deeper  wells  of  the  county. 

Fayetteville»  has  two  systems  of  waterworks  owned  by  different  par- 
ties. The  water  from  one  is  taken  from  springs  on  Haymount  Hill  and 
distributed  through  the  town  in  hollow  logs  now  replaced  in  part  by 
iron  pipes.  This  system  is  owned  by  the  Fayetteville  Water,  Light 
and  Power  Company.  The  second  system  is  owned  and  operated  by 
the  city.  The  source  of  supply  is  a  sandhill  stream  (Cross  Creek) 
rising  from  springs  in  the  woods,  and  flowing  over  a  coarse  sand  and 
gravel  bed  into  a  small  pond  located  1%  miles  northwest  of  the  town. 
The  springs  issue  from  the  sandy  beds  of  the  Coharie  formation  which 
rest  upon  the  compact,  partly  indurated  arkosic  sands  of  the  Patuxent 
formation.  The  water  discharging  at  the  lower  end  of  the  pond  op- 
erates a  small  turbine  which  lifts  a  portion  of  the  water  to  a  standpipe 
on  Haymount  Hills,  from  which  it  is  distributed  through  the  town  in 
iron  pipes. 

Several  deep  wells  have  been  drilled  in  Fayetteville  in  the  main  part 
of  the  town.  Slate  is  entered  at  from  200  to  260  feet  below  the  surface 
and  water  is  obtained  within  the  slate.  One  of  these  wells  situated  on 
low  ground  has  a  slight  overflow.  Xo  water  was  found  in  the  overly- 
ing Patuxent  formation,  possibly  owing  to  its  compact  character  in  this 
vicinity.    A  few  open  and  driven  wells  16  to  35  feet  deep  are  also  used. 

At  Hope  Mills  a  well  was  sunk  in  the  bed  of  Little  Rockfish  Creek 
to  a  depth  of  175  feet.  The  driller  reports  a  flow  of  100  gallons  a  min- 
ute. The  water  rises  20  feet  above  the  bed  of  the  river.  A  ram  is  now 
connected  to  the  well  and  supplies  several  houses.  The  ram  furnishes 
about  1%  gallons  per  minute. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  494-497, 
assays  Nos.  64-73.    These  are  discussed  on  pp.  486,  487. 

Artesian  Prospects. — The  principal  artesian  water  horizons  in  Cum- 
berland County  are  furnished  by  the  Patuxent  formation.  Good  sup- 
plies are  to  be  expected  from  the  more  porous  sand  beds  of  this  forma- 
tion at  moderate  depths  (100  to  300  feet)  over  most  of  the  county. 
Flowing  wells  are  possible  only  at  low  levels  in  the  southeastern  part  of 
the  county.  The  well  at  Hope  Mills  drilled  in  the  bed  of  Little  Rockfish 
Creek  overflowed  20  feet  above  the  bed  of  the  creek. 
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The  failure  to  obtain  water  in  the  Patuxent  formation  at  Fayette- 
ville  is  rather  surprising.  The  probable  explanation  is  that  the  mate- 
rials here  are  too  compact  to  permit  of  the  free  passage  of  the  water, 
the  spaces  between  the  sand  grains  being  filled  with  fine  arkoaic  or 
clayey  matter.  It  is  to  be  expected,  however,  that  coarse  gravel  or 
sand  beds  will  be  met  with  immediately  above  the  basement  slates,  and 
these  should  be  water-bearing.  It  is  suggested  that  the  failures  may 
have  been  due  to  a  too  rapid  sinking  of  the  casing,  thus  shutting  off 

flows  from  water-bearing  beds. 
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CURRITUCK   COUNTY. 

Topography, — The  surface  of  the  county  is  low  and  level,  being  in- 
cluded entirely  within  the  Pamlico  or  lowest  Pleistocene  terrace  plain. 
Except  in  the  case  of  sand  dunes,  the  elevations  do  not  exceed  25  feet 
anywhere  in  the  county.  A  small  portion  of  the  Dismal  Swamp  is 
included  in  the  northern  part  of  the  county.  The  narrow  strip  of 
land  along  the  coast  known  as  the  Currituck  banks  contains  many 
sand  dunes,  some  of  which  in  the  vicinity  of  Kittyhawk  attain  eleva- 
tions of  80  to  90  feet.  Many  small  sand  dunes  occur  on  the  mainland 
in  the  southern  part  of  the  county. 

Geology, — The  sands  and  sandy  loams  of  the  Pamlico  formation 
form  the  surface  materials  over  the  entire  county,  excepting,  however, 
the  relatively  small  areas  covered  by  recent  sand-dune  materials. 
Sands,  clays,  and  shell  marls,  probably  of  both  Pliocene  and  Pleisto- 
cene age,  underlie  the  surficial  materials.  Shell  beds  of  Pleistocene 
age  have  been  encountered  in  artificial  diggings  in  the  northern  part  of 
the  county. 

Water  Resources. — There  are  no  deep  wells  within  the  limits  of  the 
county.     On  the  mainland  open  and  shallow  driven  wells  8  to  20  feet 
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The  Black  Creek  formation  in  the  extreme  southeastern  comer  of  the 
county  is  a  possible  source  of  potable  water,  and  it  is  not  improbable  that 
flowing  wells  are  obtainable  in  the  lower  lands  along  South  River. 

Small  supplies  of  water  may  be  obtained,  in  places  at  least,  from 
the  basement  rocks  underlying  the  county  at  depths  of  200  to  300  feet ; 
but  the  uncertainty  of  the  results  of  attempts  to  get  supplies  from  this 
source,  and  their  depth  beneath  the  surface,  render  them  of  little  im- 
portance from  an  economic  standpoint. 


COUNTY. 
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Remarks. 


4    hand  pump. 
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Basement  slate  struck  at  220  ft. 

Basement  slate  struck  at  192  ft. 

See  water  assay  No.  68,  table  1, 

pp.  496,  497. 
Will  flow  a  little  at  surfatx. 


See  water  assav 
pp.  496,  497. 


No.  72.  table  1, 


in  depth  furnish  an  abundant  supply  of  water  from  the  lower  sandy 
beds  of  the  surficial  Pleistocene  deposits.  The  depth  of  these  wells  de- 
pends upon  the  nearness  to  the  surface  of  the  underlying  blue  clay  and 
shell  beds.  In  wells  penetrating  these  shell  beds  a  hard,  ferruginous 
water,  unfit  for  drinking  purposes,  is,  as  a  rule,  obtained.  At  a  mill 
near  Coinjock  a  well  in  which  only  hard  water  was  obtained  is  re- 
ported to  have  been  driven  to  a  depth  of  50  feet.  Open  wells  are  still 
niucli  used,  and  predominate  over  driven  wells  in  many  of  the  villages. 
Terra-cotta  curbing  is  now  taking  the  place  of  the  hollow  cypress  logs 
for  the  open  wells.  At  Sligo  cisterns  are  used  in  addition  to  the  open 
and  driven  wells.  Xear  Aydlett,  along  the  sound  side  of  the  sandy 
stretch  known  locally  as  the  "Harrow  Shore,"  are  numerous  small 
springs  the  water  from  which  is  used  by  some  of  the  inhabitants. 

The  conditions  on  the  banks  are  but  little  different  from  those  on 
the  mainland.  Both  open  and  driven  wells  are  a  little  shallower,  run- 
ning from  4  to  10  feet  in  depth,  being  deeper  on  the  dunes  than  in  the 
lower  level  lands.  Cisterns  are  also  used  to  a  considerable  extent. 
The  water  from  the  dunes  is  clear,  while  wells  in  the  lowlands  vield  a 
highly-colored  water  due  to  the  underlying  marsh  mud  and  shell  de- 
posits.    Soft,  fresh  well  water  is  obtainable  very  close  to  the  ocean. 
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One  assay  of  a  water  from  this  county  is  given  in  Table  1,  pp.  496, 
497,  assay  No.  74.    This  is  discussed  on  page  487. 

Artesian  Prospects. — The  prospects  for  obtaining  abundant  supplies 
of  fairly  potable  water  in  this  county  from  deep  sources  are  good. 

DARE   COUNTY. 

Topography. — The  whole  of  this  county,  including  the  banks,  is  low, 
level,  and  swampy,  nowhere,  excepting  in  the  case  of-  wind-blown  sand 
dunes,  exceeding  8  or  10  feet  above  sea  level.  The  surface  forms  a 
part  of  the  Pamlico  terrace  plain,  which  is  the  lowest  of  the  Pleisto- 
cene terraces.  The  chain  of  long  linear  islands  called  "The  Bank??," 
varying  in  width  from  a  few  rods  to  more  than  2  miles,  curi-e  around  the 
Atlantic  boundary  of  the  county.  At  many  places  along  the  banks 
immense  sand  dunes  have  been  formed  bv  the  wind.  These  dunes  reach 
their  maximum  development  in  the  Kill  Devil  hills  near  Colingrton, 
where  they  attain  a  height  of  nearly  100  feet.  They  are  bare  of  vege- 
tation in  most  places  and  are  constantly  shifting.  The  sand  blo^^n 
from  the  banks  is  gradually  shallowing  Pamlico  Sound  for  several 
miles  off  shore. 

Geology. — A  thin  surficial  covering  of  fine  sands  and  sandy  loams  of 
the  Pamlico  formation  is  spread  over  the  surface  of  the  county.  Be- 
neath this  covering  there  are  believed  to  be  shell  marl  beds  of  Pleisto- 
cene age  having  an  unknown  thickness,  which,  however,  probably  do 
not  exceed  30  or  40  feet.  Beneath  these  there  come  sands,  clays,  and 
shell  marl  beds  of  Pliocene  age,  and  beneath  these  again,  probably  at  a 
dei)th  of  80  to  100  feet  and  with  an  unknown  thickness,  are  similar 
beds  of  Miocene  age.  Roanoke  Island  is  probably  of  the  same  age 
geologically  as  the  mainland  of  Dare  County,  the  Pamlico  terrace  ma- 
terials covering  its  surface.  Although  the  banks  are  now  covered  in 
many  places  by  immense  sand  dunes  of  recent  origin,  they  were  probably 
outlined  in  their  present  position  during  the  deposition  of  the  beds  of 
the  Pamlico  terrace. 

Water  Resources. — l^o  deep  wells  have  been  drilled  in  this  county. 
On  Durant's  Island,  in  Albemarle  Sound,  a  well  was  driven  80  feel 
deep  which  yielded  an  abundant  supply  of  water,  but  which  was  of  an 
unsatisfactory  quality.  At  Stumpy  Point  cisterns  are  much  used,  being 
])referred  to  the  driven  wells.  The  latter  range  from  12  to  36  feet  in 
depth  and  yield  a  water  reported  to  be  salty.  At  Juniper  the  open  wells 
are  only  2  to  4  feet  deep  and  water  from  the  nearby  swamps  is  much 
used.  This  swamp  water  has  a  dark  reddish-brown  color  and  is  locally 
termed  "juniper  water."  In  the  northern  part  of  the  mainland  open 
and  driven  wells  7  to  10  feet  deep  are  reported  to  furnish  good  water. 
At   Manteo,   the   countv-seat,   and  in   the   southern  part    of  Roanoke 
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Island,  cisterns  rank  first  as  a  source  of  water  supply.  A  few  open  and 
driven  wells  10  to  15  feet  deep  are  in  use.  Much  of  the  well  water  has  an 
unpleasant  taste,  due  to  decaying  organic  matter.  The  northern  part 
of  Roanoke  Island  is  higher  and  sandier  and  driven  wells  15  to  18  feet 
in  depth  yield  an  abundant  supply  of  clear  water. 

The  conditions  on  the  banks  do  not  differ  greatly  from  those  on  the 
mainland.  Cisterns  are  in  most  general  use,  since  the  water  of  the  shal- 
low open  and  driven  wells,  3  to  10  feet  deep,  is  usually  highly  colored, 
due  to  the  organic  content  and  therefore  of  an  unsatisfactory  quality.  A 
few  wells  reach  a  depth  of  18  feet.  Where  the  wells  are  driven  in 
the  dune  sands,  however,  a  soft,  colorless  water  is  as  a  rule  obtained. 
Because  of  the  low  elevation  of  the  greater  part  of  the  banks,  large 
portions  of  their  area  are  often  flooded  during  storm  tides,  the  ground 
being  saturated  and  the  shallow  wells  filled  with  the  salt  water.  It  is  for 
this  reason  and  because  of  the  high  color  and  organic  content  of  the  well 
water  that  cisterns  are  principally  used.  At  Avon  and  Hatteras  it  is 
reported  that  the  water  level  in  the  w^ells  varies  with  the  tides.  At 
Hatteras  it  is  said  that  a  heavy  storm  tide  will  so  raise  the  ground- 
water level  that  pools  of  water  will  form  in  the  lower  places. 

One  assay  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  follows:  Table  1,  pp.  496,  497,  assay  Xo.  75; 
Table  2,  pp.  504ff  505,  analysis  No.  27.  These  are  discussed  on  page 
487. 

Artesian  Prospects. — The  sandy  strata  of  the  Pleistocene,  Pliocene, 
and  Miocene  beds,  which  constitute  the  underground  materials  to  depths 
of  at  least  several  hundred  feet,  doubtless  contain  inexhaustible  sup- 
plies of  water.  It  is  probable  that  wells  exceeding  300  or  400  feet  in 
depth  would  encounter  salty  water  which  would  be  unfit  for  domestic 
or  manufacturing  purposes. 

DUPLIN    COUNTY. 

Topography. — The  surface  is  made  up  of  several  Pleistocene  terraces 
which  have  been  dissected  to  some  extent  by  stream  erosion.  On  ac- 
count of  the  lack  of  topographic  maps  it  is  impossible  to  determine 
with  any  degree  of  certainty  the  extent  or  correlation  of  these  terraces. 
It  is  believed,  however,  that  the  Chowan,  Wicomico,  Sunderland,  and 
Coharie  terraces  are  present,  the  first  bordering  Northeast  Cape  Fear 
River,  the  second  covering  a  considerable  area  in  the  east  and  south, 
the  third  covering  nearly  all  of  the  northwestern  part  of  the  county, 
and  the  fourth  covering  a  small  area  in  the  extreme  northwestern  part 
of  the  county.  The  southern  boundary  of  the  county  to  the  east  of 
Xortheast  Cape  Fear  River  passes  through  the  center  of  the  great 
Angola  Bay  or  Pocoson,  a  large  swampy  tract  occupying  portions  of 
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a<,-i*.h*rra  Durlii;  acd  nortLem  Petder  ecun*Les-     Tti*  swamp  is  be- 

li^Tfrd  •o  form  a  part  of  *Le  Wiconiieo  plain. 

Oro^n-j, — TLe  ncnLwesrem  pan  of  ;Le  coontv  include*  a  portion 
of  »rje  be!*  ;ri  vLI^b  ?ur{si'^  ourcrcps  of  'he  laminated  sands  and  clajs 
of  rhi^r  Bis-rk  Cre*:k  forma* i^n  mav  be  expected  to  occur.  These  dip  to 
the  southearward,  pa%«;r.e  benea'h  the  Peedee  formation-  The  latter 
underlie*  all  'be  remair-'ler  of  the  cotmrv.  The  Peedee  material*  con- 
«!-*  of  fo--:I:f*-rou«.  dnrk  gT«rn  or  cray,  glaticT'iii'ic,  often  ca;-*are  :- 
aar.'i-.  and  fl^^rk  i  arlr.'-  ohiv^,  Ov^^-r  T»artfi  of  th**  cin'v  TL*-rp  are 
h&'iTih  or  ^L'^r*^  of  E^K^-'^-Fie  l:me«*OLe  or  calcareous  clay  occupying  de- 
j-rr-.'..!.-  :rj  '};-  '.jL*iiiI..M.z  Vf^]"*'  rurfa'^e.  'he  px^en*  and  ntimber  *"«f 
whUh  c&TiVtfA  \fff  determirjed  on  account  of  the  blanket  of  surficial  de- 
po-:*?.  Th«=-y  are  believed,  however,  no:  to  form  continuous  sheets  of 
frrt'SiX  f'X*f'U\  bu'  ♦o  exi^t  as  disconnected  pa'chi^.  Orer  at  least  parts  of 
the  couji'y  •bin  •Lef-?s  of  Mi<^»cene  =L»'ll  marl.  sand,  or  clay,  rest  upon  the 
Eocene  or  Cn^aceou*  surfa'^-^-.     Verv  little  is  known,  however,  ivmcem- 

« 

injr  the  r-xw-nt  of  rbes^r.     Over  all  oMer  formations  is  spread  a  blanket 
of  "Uriiciiil  -an^l*  and  loams  of  Pl^-i-^'oi^^-iie  ac^*. 

\Vof*r  /*'  "ntn*H. — Shallow  open  and  driven  wells,  not  exceeding  20 
or  25  fffTft  ill  d^'p»h  and  deriving  their  supply  from  Pleistocene  sands 
and  ^av*^'!-.  furni-h  a  lar^  proportion  of  the  inhabitants  with  water 
for  doir.f-sMr'  purj»o«es.  Tn  recent  years  deeper  driven  or  drilled  wells 
have  bwn  eornintr  into  more  general  ii=e.     Some  of  the  latter  derive 
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their  supply  from  the  Black  Creek  and  some  from  the  Peedee  forma- 
tion. Those  concerning  which  detailed  information  has  been  obtained 
are  included  in  the  table  below. 

Some  additional  information  is  here  given.  In  the  vicinity  of  Wal- 
lace there  are  many  wells  which  tap  Peedee  horizons.  Those  located 
on  low  ground  along  Rockfish  and  Doctors  creeks  furnish  small  flows. 
Those  on  higher  groimd  do  not  flow. 

At  Calypso  and  vicinity  there  are  a  large  number  of  wells  ranging  in 
depth  from  30  to  60  feet.  Those  in  valleys  as  a  rule  flow  a  small 
stream,  while  those  on  higher  ground  must  be  fitted  with  suction  or 
force  pumps. 

One  flowing  well  has  been  reported  at  Albertson.  It  is  situated  on 
low  ground,  and  the  water  obtained  is  ferruginous. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  496,  497, 
assays  KTos.  76-84.    These  are  discussed  on  page  487. 

Artesian  Prospects. — In  general  it  may  be  said  that  the  Black  Creek 
formation,  which  underlies  the  northwestern  part  of  the  county  and 
passes  beneath  the  Peedee  formation  to  the  southeastward,  and  the  Pee- 
dee formation,  which  underlies  the  southeastern  half  of  the  county,  con- 
tain abundant  supplies  of  potable  water.  In  most  parts  of  the  county 
flowing  wells  are  possible  on  low  ground  bordering  the  streams,  if  sunk 
to  sufficient  depths.  On  higher  ground  the  water  will  rise  sufficiently 
near  the  surface  to  be  within  the  reach  of  force  or  suction  pumps. 
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Use. 


domestic. 

boiler  and 
domestic, 
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domestic. 

domestic. 


drinking  and 

boiler. 

domestic. 

drinking. 

domestic. 

domestic. 

domestic. 


Geologic  horlion 

and  diaracter  of 

water-beds. 


Black  Creek  formation. 

Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

dark  gravel. 
Peedee  formation;  sand. 

Peedee  formation;  sand. 

Peedee  formation;  sand. 

Peedee  formation. 

Peedee  formation. 

Peedee  formation. 


Remarks. 


Sec  water  assay  No.  76,   table  1, 
pp.  496,  497. 


See  water  assay  No.  82,   table  1, 
pp.  496,  497. 


See  water  assay  No.  84,  table  1,  pp. 
496,497.    Another  similar  well. 


Has  four  other  flowing  wells. 
Has  three  other  similar  wells. 
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EDGECOMBE    COUNTY. 

Topography. — Portions  of  three  Pleistocene  terrace  plains  make  up 
the  surface  of  this  county.  The  Chowan  plain  at  elevations  of  30  to  60 
feet  borders  Tar  River  in  a  belt  4  to  8  miles  wide  on  the  east  and  north 
along  its  entire  length  in  the  county;  the  Wicomico  plain  at  elevations 
of  60  to  100  feet  covers  a  belt  a  few  miles  wide  in  the  eastern  and 
northeastern  part  of  the  county  and  has  a.  limited  development  along 
tho  west  and  south  side  of  Tar  River;  the  Sunderland  plain,  with  ele- 
vations ranging  from  110  to  135  feet,  covers  the  greater  part  of  the 
area  west  and  south  of  Tar  River,  and  is  also  present  in  the  northern 
part  of  the  county.  In  many  places  these  plains  are  separated  from 
each  other  by  well-defined  scarps.  They  are  all  dissected  in  greater  or 
lesser  degree  by  stream  erosion. 

Geology. — Granite  rocks  outcrop  in  the  bed  of  Tar  River  in  the 
vicinity  of  Rocky  Mount.  The  bedrock,  consisting  of  these  granites 
and  other  crystalline  rocks,  dips  gently  to  the  eastward,  becoming 
deeper  beneath  the  de))osits  of  the  Coastal  Plain.  At  Tarboro,  crystal- 
line schists  were  encountered  in  a  well  at  a  depth  of  328  feet.  Over 
the  central  and  eastern  portions  of  the  county  the  compact,  arkosic,  mi- 
caceous sands  and  drab  clays  of  the  Patuxent  formation  rest  upon  the 
eroded  surface  of  the  crystallines,  attaining  a  maximum  thickness  of 
about  290  feet  at  Tarboro,  as  shown  by  the  deep  well  at  that  place.  The 
upper  undulating  surface  of  the  Patuxent  formation  rises  and  falls  a 
few  feet  above  and  below  water  level  along  Tar  River.  Overlying  the 
latter,  and  overlapping  and  tratisgressing  still  farther  westward  upon 
the  crystalline  rocks,  is  the  Miocene,  which  consists  in  the  main  of  strati- 
fied sands,  clays,  and  shell  marls,  but  along  the  base  is  made  up  in  part 
of  greenish,  gravelly,  lignitic  sands  and  dark,  lignitic,  laminated  clays. 
Pleistocene  loams,  sands,  and  gravels  of  the  Sunderland,  Wicomico,  and 
Chowan  fornuitions  blanket  all  older  formations  over  the  entire  count  v. 

Water  Resources. — In  this  county  the  Pleistocene  formations  furnish 
most  of  the  water  for  domestic  use.  Open  and  driven  wells  12  to  30 
feet  in  depth  yield  water  from  the  lower  sandy  or  gravelly  portions  of 
the  terrace  deposits.  So  compact  is  the  sandy  loam  at  the  surface  that 
in  many  places  the  open  wells  require  no  curbing  to  keep  the  walls 
intact.  Along  the  stream  slopes  and  scarps  there  are  many  springs  of 
small  size.     These  are  but  little  used. 

At  1'urnage,  open  and  driven  w^ells  8  to  25  feet  deep  are  used.  The 
water  from  the  driven  wells  is  reported  ferruginous.  Many  of  the 
deeper  open  wells  enter  a  bluish  clay  containing  roots  and  vegetable 
matter. 
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At  Tarboro  the  first  waterworks  system,  installed  by  the  town  in 
1888  or  1889,  derived  its  supply  from  Hendricks  Creek,  and  was  used 
for  fire  purposes  only.  This  was  used  until  1897.  In  that  year  the 
Tarboro  Water  Supply  Company  installed  a  system,  the  water  being 
obtained  from  wells.  In  November,  1899,  this  plant  was  transferred 
to  the  town.  Previous  to  taking  over  this  plant,  the  town  had  a  deep 
well  drilled  which  entered  the  crystalline  schists  underlying  the  de- 
posits of  the  Coastal  Plain  at  a  depth  of  328  feet.  (See  section,  p.  104.) 
Very  little  water  was  found  in  this  well. 

The  present  supply  at  Tarboro  is  obtained  from  eleven  wells  situated 
on  the  east  bank  of  Hendricks  Creek.  Two  of  these  wells  are  6  inches 
in  diameter  and  the  remainder  4^/^  inches.  A  number  of  wells  drilled 
by  the  former  company  are  now  abandoned.  Seven  of  the  414-inch 
wells  tap  a  water-bearing  bed  about  35  feet  below  the  creek  bed,  while 
the  remainder  are  supplied  from  a  horizon  60  feet  below  the  bottom 
of  the  creek.  All  obtain  their  supply  from  Patuxent  beds.  The  water 
from  the  deeper  horizon  overflows  6  feet  above  the  creek  bed  at  the 
rate  of  21/0  gallons  per  minute  from  a  6-inch  pipe,  but  will  rise  about 
10  feet  higher  when  confined  in  a  pipe.  The  wells  are  all  pumped 
together,  yielding  75  gallons  per  minute,  the  water  level  being  lowered 
about  13  feet  by  pumping.  A  pipe  runs  to  the  creek,  and  the  creek 
water  can  be  used  in  case  of  fire.  K".  H.  Dart  on  ^  refers  to  several  wells 
in  Tarboro  drifted  to  depths  of  from  75  to  160  feet,  the  water  of  which 
conies  nearly  to  the  surface  in  the  main  part  of  the  town. 

A  small  flowing  well  area  is  located  in  the  valley  of  the  Tar  River  in 
the  southeastern  part  of  the  county.  Small  flows  are  obtained  from 
Patuxent  horizons  at  from  70  to  110  feet  below  the  surface  on  land 
less  than  45  feet  above  sea  level.  The  well  of  Mrs.  "W.  O.  Warren  is  re- 
ported to  have  flowed  15  gallons  per  minute  when  it  was  first  drilled, 
but  the  entrance  of  sand  into  the  pipes  has  reduced  the  flow  to  3  gal- 
lons per  minute.  The  flow  of  the  well  at  Old  Sparta  has  also  decreased 
considerably. 

For  detailed  information  regarding  deep  wells  in  this  county,  the 
reader  is  referred  to  the  table  of  well  data  given  below. 

Information  concerning  the  water  supply  of  Rocky  Mount,  which 
is  partly  within  this  county  and  partly  within  !N'ash  County,  is  given 
in  the  discussion  of  the  water  resources  of  the  latter  county. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  496,  497, 
assays  N'os.  85-88.    These  are  discussed  on  page  487. 

Artesian-  Prospects. — The  Patuxent  formation  is  the  principal  water- 
bearing horizon  in  Edgecombe  County. 


JBuU.  U.  S.  Gcol.  Survey,  No.  138,  p.  201. 
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Flowing  wells  from  the  Patuxent  formation  need  only  be  expected 
on  land  less  than  50  feet  above  sea  level  in  the  central  and  eastern  parts 
of  the  county  at  depths  ranging  from  50  to  300  feet.  On  higher  land, 
in  the  central  and  eastern  parts  of  the  county,  artesian  water  of  the  same 
character  is  available  at  a  correspondingly  greater  depth.  While  over- 
flows are  not  possible  on  land  the  elevation  of  which  is  greater  than  50 
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GATES    COUNTY. 

Topography. — The  surface  of  Gates  County  is  formed  of  parts  of 
three  Pleistocene  terrace  plains.  The  lowest  or  Pamlico  plain  covers  a 
strip  a  few  miles  wide  in  the  extreme  east,  with  elevations  not  exceed- 
ing 25  feet.  This  area  forms  a  part  of  the  Great  Dismal  Swamp. 
Limited  areas  of  this  plain  occur,  also,  along  Chowan  River.  The 
second  or  Chowan  plain,  at  elevations  of  30  to  40  feet,  covers  more  than 
half  of  the  remainder  of  the  county^s  area.  It  is  separated  from  the 
Pamlico  plain  on  the  east  by  a  well-defined  sea-facing  scarp,  along 
whose  crest  is  a  ridge  of  sandhills  rising  about  10  feet  above  the  level 
of  the  Chowan  plain.  This  probably  constitutes  an  old  beach  line  of 
wind-blown  sand  dunes.  The  third  or  Wicomico  plain,  at  elevations 
of  60  to  80  feet,  is  present  in  the  northwestern  part  of  the  county.  It 
is  separated  from  the  Chowan  plain  by  a  Avell-defined  scarp  20  to  40 
feet  in  height. 

Geology. — Sands,  sandy  loams,  and  clays  of  Pleistocene  age,  belong- 
ing to  the  Wicomico,  Chowan,  and  Pamlico  formations,  form  the  sur- 
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feet,  the  water  will  in  all  cases  rise  within  reach  of  force  or  suction 
pumps. 

So  far  as  known,  no  wells  obtain  a  supply  from  the  Miocene,  but  it 
is  probable  that  over  parts  of  the  county  water  could  be  obtained  from 
this  source.  Because  of  their  shell  content,  water  derived  from  Miocene 
beds  would  probably  be  hard  in  many  cases. 
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No  water  obtained.  Basement 
rocks  entered  at  about  200  ft. 

Horisons  at  115-125  and  180-190  ft. 
Basement  rocks  entered  at  328. 
Supply  not  sufficient  and  well 
abandoned.    See  section,  p.  104. 

Another  horiaon  at  42  ft.  Two  other 
similarwells  used  in  connection  with 
this  one  for  city  supply.  See  water 
assay  No.  88.  table  1,  pp.  406, 497. 
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oeous  fine  white  sand. 

Fatuxent  formation;  fine 

white  sand. 


See  water  assay  No.  85,  table  1, 
pp.  496, 497. 


No.  86.  table  1, 


pp.  496,  497. 
Flow  has  decreased, 
son  at  14-25  ft. 


Another  hori- 


face  materials  over  almost  the  entire  area.  These  rest  upon  sands, 
clays,  and  shell  marls  of  Miocene  age.  The  thickness  of  the  latter  is 
unknown,  but  it  is  believed  to  be  something  like  400  feet  in  the  extreme 
west  and  perhaps  600  feet  in  the  extreme  east.  The  Miocene  beds  rest 
unconformably  upon  the  buried  surface  of  Cretaceous  beds. 

Water  Resources. — "No  deep  wells  have  been  drilled  in  this  county. 
The  water-bearing  sand  beds  in  the  lower  part  of  the  Pleistocene  for- 
mations yield  an  abundant  supply  of  water  which  is  obtained  by  means 
of  shallow  open  and  driven  wells  6  to  20  feet  in  depth,  which  are  in 
common  use.  A  few  wells  have  been  driven  to  depths  of  from  36  to  60 
feet  at  Gatesville,  Hobbsville,  Reynoldson,  Sunbury,  and  Trotville,  ob- 
taining water  from  Miocene  beds.  As  far  as  known,  no  overflow  wells 
exist  within  the  county  limits. 

One  assay  of  a  water  from  this  county  is  given  in  Table  1,  pp.  496, 
497,  assay  N'o.  89.    This  is  discussed  on  page  487. 

Artesian  Prospects, — The  sandy  beds  of  the  underlying  Miocene  in 
all  probability  carry  abundant  supplies  of  water.     It  is  just  possible 
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that  potable  waters  might  be  obtained  from  deep-lying  Cretaceous  beds 
at  depths  of  600  feet  or  over,  but  the  quality  of  water  from  this  source 
remains  to  be  tested.  Flowing  wells  are  not  believed  to  be  possible 
except  in  low  lands  bordering  Chowan  River  and  its  tributaries.  In 
wells  whose  depths  do  not  exceed  300  feet  below  the  surface  the  water 
would  probably  not  rise  more  than  10  feet  above  sea  level.  At  greater 
depths  it  would  rise  somewhat  higher.  Gatesville  is  probably  the  only 
town  so  situated  that  an  overflow  would  be  possible  from  either  the 
Miocene  or  Cretaceous  beds. 

GREENE   COUNTY. 

Topography, — Parts  of  three  Pleistocene  terrace  plains  make  up  the 
surface  of  this  county.  The  Chowan  plain  forms  narrow  borders  along 
Contentnea  and  Little  Contentnea  creeks  at  elevations  ranging  from  30 
to  60  feet ;  the  Wicomico  plain  at  elevations  of  60  to  90  feet  covers  the 
interstream  area?  of  a  little  more  than  half  the  county  on  the  easi ; 
while  the  Sunderland  plain,  with  elevations  of  110  to  120  feet,  forms 
the  surface  over  a  little  less  than  half  the  county  in  the  west.  In 
places  the  plains  are  separated  by  well-marked  scarps.  The  plains 
have  been  dissected  somewhat  by  stream  erosion. 

Geology. — The  county  is  underlain  by  the  Patuxent  and  Black  Creek 
formations,  and  to  a  limited  extent  by  the  Peedee  sand,  of  Creta- 
ceous age,  and  in  part  by  Miocene  beds  which  overlap  the  Creta- 
ceous. The  Patuxent  formation  underlies  a  narrow  area  extending  in 
a  northeast-southwest  direction  in  the  northwestern  part  of  the  county. 
It  here  rests  upon  a  buried  crystalline  surface  which  probably  lies  at 
a  depth  of  about  200  feet  and  which  becomes  deeper  to  the  southeast. 
The  Patuxent  beds  consist  of  compact,  drab,  sandy  clays,  and  gray, 
micaceous,  arkosic  sands.  These  dip  gently  to  the  southeast  and  pass 
unconformably  beneath  the  Black  Creek  formation.  The  latter,  which 
consists  in  part  of  dark-colored,  laminated,  lignitic  sands  and  clays, 
and  in  part  of  marine  greensands,  underlies  a  wider  belt  extending  in 
a  northeasterly  direction  across  the  center  of  the  county.  It  dips 
gently  to  the  southeast  and  passes  conformably  beneath  the  Peedee 
formation.  The  latter  underlies  a  limited  area  in  the  southern  part 
of  the  county.  The  beds  are  composed  of  dark  green,  glauconitic  sands 
and  clays,  with  occasional  layers  of  lime  concretions.  Resting  upon 
the  undulating  surface  of  the  Cretaceous  and  probably  spreading  over 
almost  the  entire  county  are  beds  of  Miocene  age  consisting  of  loose, 
light-colored  sands,  sometimes  iron-stained  and  indurated,  and  light 
drab  clays,  frequently  fossiliferous.     Pleistocene  deposits  of  the  Sun- 
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derland,  Wicomico,  and  Chowan  formations,  consisting  of  yellowish 
sands  or  sandy  loams,  with  coarser  sands  and  gravels  at  base,  form  the 
surface  materials  over  all  the  county. 

Water  Resources, — The  sands  and  gravels  in  the  lower  parts  of  the 
Pleistocene  formations  furnish  most  of  the  water  supply  for  the  in- 
habitants of  Greene  County.  Open  and  driven  wells  10  to  30  feet 
deep  are  used.  The  compactness  of  the  overlying  sandy  loams  makes 
it  unnecessary  to  curb  the  open  wells  to  keep  the  walls  intact. 

Two  flowing  well  areas  have  been  developed  in  the  county.  One 
borders  Contentnea  Creek  in  the  vicinity  of  Speights  Bridge,  and  is  a 
continuation  of  the  flowing  well  area  near  Stantonsburg  in  Wilson 
County.  The  other  is  about  4  miles  southeast  of  Snow  Hill.  In  the 
Speights  Bridge  area  the  flowing  wells  range  from  110  to  137  feet  in 
depth,  with  flows  of  from  6  to  35  gallons  per  minute.  It  is  stated  that  in 
most  of  the  wells  sunk  in  this  area  the  water  will  rise  10  to  12  feet 
above  the  surface.  The  water  is  said  to  have  a  rather  strong  sulphurous 
odor  when  the  wells  are  first  drilled,  but  this  decreases  after  they  have 
flowed  a  short  time.  All  of  the  flows  now  have  a  very  faint  sulphurous 
odor.  The  water-bearing  horizons  occur  in  the  Patuxent  formation. 
Within  this  area  flows  are  not  obtainable  at  an  elevation  of  over  70 
feet  above  sea  level.  A  well  sunk  near  here  on  one  of  the  outliers  of 
the  110-foot  terrace  did  not  reach  the  artesian  water  horizon  until  a 
depth  of  about  200  feet  had  been  attained  and  the  water  came  to  within 
about  40  feet  of  the  surface. 

In  the  flowing  well  area  4  miles  southeast  of  Snow  Hill  the  water- 
bearing horizon  is  in  the  Black  Creek  formation.  The  elevation  of  the 
surface  is  about  40  feet  above  sea  level  and  the  water-bearing  beds  are 
encountered  at  from  64  to  84  feet  below  the  surface.  Flows  of  from  2 
to  13  gallons  per  minute  have  been  obtained.  The  head  is  sufficient  to 
make  the  water  rise  8  feet  above  the  surface.  In  drilling,  large  pieces 
of  lignite  are  found  a  short  distance  above  the  water-bearing  beds. 

Several  attempts  have  been  made  to  get  flowing  wells  at  Snow  Hill^ 
but  the  elevation  of  most  of  the  town  is  so  great  that  flows  are  not  to 
be  expected  except  in  the  bottom  of  the  stream  valleys  near  Contentnea 
Creek  and  on  the  lowlands  bordering  Contentnea  Creek.  Mr.  B.  W. 
Edwards  had  a  well  drilled  to  a  depth  of  145  feet  at  a  point  the  eleva- 
tion of  which  was  80  feet  above  sea  level.  But  little  water  was  found. 
In  1906  Mr.  Edwards  had  a  second  well  drilled,  located  on  much  lower 
ground.     A  very  small  flow  was  struck  at  90  feet  and  another  at  110 
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feet  below  the  surface.  It  is  probable  that  had  the  well  been  located 
on  still  lower  ground  the  flow  would  have  been  considerably  stronger. 

Eight  miles  east  of  north  of  Snow  Hill,  Mr.  D.  W.  Patrick  obtained 
an  ample  supply  for  boilers  at  a  sawmill  and  cotton  gin  at  a  depth  of  90 
feet.  Coming  from  just  below  a  shell  marl,  the  water  was  hard.  Drill- 
ing was  continued  to  a  depth  of  153  feet,  at  which  depth  soft  water 
was  found.    The  90-foot  water  alone  was  used. 

At  Jason  several  wells  have  been  drilled  and  soft  water  obtained 
from  the  Black  Creek  formation.  Overflows  are  not  possible  here  on 
account  of  the  elevation. 

The  deep  well  at  Ormondsville  was  drilled  with  the  expectation  of 
getting  a  flow.  None  was  obtained,  but  the  water  rose  within  reach  of 
a  pitcher  pump.    Overflows  are  not  probable  in  this  vicinity. 

At  Ridges  Spring  a  depth  of  80  feet  had  been  reached  when  an  indu- 
rated layer  was  struck  and  drilling  stopped.  Overflows  could  probably 
be  obtained  in  the  lowlands  bordering  the  stream  here  at  a  depth  of  100 
to  150  feet  below  the  surface. 

GREENE 


B 

9 


1 

2 
3 
4 
5 
6 


Location. 


Owner. 


I 


0/ 

a 


8 


III 


8    I 


Snow  Hill I  B.W.  Edward* 

do do 

D.  W,  and  J.  M.  Patrick.. 


1906 
1902 


Snow  Hill,  8  miles  E.  of 

N.  of.                             1  I 

Snow  Hill,  4  miles  S.E.  of.    R.C.  Rouse '  1906 


..do do 1905 

I 

..do T.R.Tyndall 1905 

7  -...do W.H.HiU 1906 

8   do Mrs.  Elbert  Edwards j  1908 

9  :-.--do Union  Chapel 1905 

10  Speights  Bridge Wiley  Webb I 

11  ....do P.W.Ward 


a 

«• 

Q 


a 


s 
o 


•Si? 

CO. 


58 

11 

tS-H 


level, 
sea  level, 
level., 


807 

407 

83 

40±  sea  level. 

40±  sea  level. 

40±  sea  level. 

40i:  sea  level. 

40±  'sea  level. 

40±  sea  level. 


00 

5S 


'sea  level. 

I 

sea  level. 


12 
13 
14 
15 
16 


.do J.  L.  Bynum. 

.do , do 

I 
.  do do 

.do - do 

.do do 


56    Isea  level. 


58 
55 
58 

58 


sea  level. 

sea  level. 
jsea  level, 
sea  level. 


17     Jason. 


W.D.Cobb 1906 


18   do C.  H.  Swinson 

19  Ormondsville. Tumagc  &  Ormonds. 


1905 
1904 


145  3 

125  li  , 

153  2 

64  — . 

68  U 

78  U 

83  U 

84  U 
70  U  i 

120  n 

110  '  U 

no  u 

124  U 

130  ;    H 

136  U 

137  U  1 
102  2    , 

47  U 


168 


110 

90 

64 

68 

78 

83  I 

84 

70, 
120 
110 
110 
124  ' 
130 
136 
137 
102 

47 


U 


+  6 
-18 
+  2 
+  2 
+  0 
+  0 
+  0 
+  2 
+  0 
+  0 
+  0 
+  0 
+  0 
+  0 
+  0 
—  0 
—12 
-20 


WATEB  RESOURCES. 


409 


Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  496,  497, 
assays  Nos,  90,  91.     These  are  discussed  on  page  487. 

Artesian  Prospects, — Flowing  wells  are  possible  at  moderate  depths, 
75  to  150  feet,  in  the  lowlands  bordering  the  streams  over  the  entire 
county.  Along  Contentnea  Creek  near  Speights  Bridge  in  the  north- 
western part  of  the  county  it  is  doubtful  if  flows  can  be  obtained  at 
elevations  greater  than  70  feet.  The  lower  the  land  the  greater  will  be 
the  flow  in  most  cases.  Farther  down  the  stream  in  the  region  south- 
east of  Snow  Hill  the  flows  come  from  a  horizon  in  the  Black  Creek 
formation.  On  the  high  land  in  the  interstream  areas  the  same  artesian 
water  horizons  will  be  reached  at  a  slightly  greater  depth,  and  in  most 
if  not  all  cases  the  water  will  rise  within  reach  of  pitcher  pumps. 

In  the  extreme  southeastern  comer  of  the  county  shallow  drilled 
wells  may  possibly  obtain  hard  water,  but  if  the  drilling  is  carried  to 
greater  depths  softer  water  should  be  found.  In  the  higher  interstream 
areas  nonflowing  waters  may  be  expected  from  the  Miocene  beds  which 
overlie  the  Cretaceous. 
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HALIFAX    COrNTY. 

Topography, — Xo  part  of  the  county  is  covered  with  topographic 
maps,  and  an  accurate  statement  of  the  surface  features  is  impossible. 
The  Chowan  terrace  plain  of  the  Pleistocene  borders  Roanoke  River, 
with  elevations  not  exceeding  50  or  60  feet;  a  considerable  portion  of 
the  eastern  part  of  the  county  is  covered  by  the  next  higher  or  Wicom- 
ico plain,  with  elevations  ranging  from  80  to  perhaps  100  feet,  being 
separated  from  the  Chowan  plain  bv  a  well-marked  scarp;  in  the 
central  part  of  the  county  the  Sunderland  plain  exists,  but  its  ex- 
tent is  not  known;  and  a  narrow  strip  of  the  Coharie  plain  is  probably 
present  to  the  west  of  the  Sunderland  area.  The  western  part  of  the 
county  falls  within  the  Piedmont  regrion  and  presents  a  Piedmont 
topography,  although  deposits  of  Lafayette  age  are  present  to  greater 
or  lesser  extent  as  surficial  coverings. 

Geology, — Crystalline  rocks  form  much  of  the  surface  in  the  western 
part  of  the  county,  reaching  elevations  of  perhaps  400  or  500  feet.  To 
the  eastward  the  surface  of  the  crystallines  passes  beneath  the  deposits 
of  the  Coastal  Plain,  forming  their  basement,  and  in  the  extreme  east 
probably  exist  at  a  depth  of  about  400  feet.  In  that  part  of  the  county 
lying  to  the  east  of  the  main  line  of  the  Atlantic  Coast  Line  Railroad 
the  Patuxent  beds,  consisting  of  compact  clays  and  arkosic  sands,  are 
present,  resting  directly  upon  the  eroded  crystalline  surface.  These 
reach  a  maximum  thickness  of  perhaps  275  to  300  feet.  Their  upper 
undulating  surface  was  observed  rising  and  falling  above  and  below 
water  level  in  Roanoke  River  from  the  State  farm  to  Palmyra,  the 
maximum  thickness  exposed  being  about  12  feet.  Resting  upon  the  lat- 
ter are  the  sands,  clays,  and  marls  of  the  Miocene,  having  a  maximum 
thickness  of  perhaps  75  or  80  feet,  and  spreading  westward  beyond  the 
region  of  the  Patuxent  beds,  overlapping  and  transt^ressing  upon  the 
crystalline  basement  surface  to  an  unknown  distance,  perhaps  not  ex- 
ceeding a  few  miles  west  of  the  main  line  of  the  Atlantic  Coast  Line 
Rnilroad.  Over  all  older  formations  the  Pleistocene  sands,  loams,  and 
gravels  of  the  several  terrace  deposits  are  spread  in  a  thin  sheet,  even 
extending  westward  over  the  crystalline  rocks.  In  the  western  part  of 
the  county  deposits  of  sand  and  gravel  of  Lafayette  age  mantle  to 
greater  or  lesser  extent  the  Piedmont  hills  at  elevations  exceeding  230 
feet  above  sea  level. 

Waier  ReJiourcrs. — Over  the  eastern  half  of  the  county  the  drinking- 
water  is  obtained  principally  from  open  and  driven  wells  15  to  50  feet 
in  depth,  the  water  coming  from  the  lower  sandy  portions  of  the  Pleis- 
tocene, or  in  the  deeper  wells  from  sand  beds  in  the  Miocene.  The 
most  common  depth  of  the  driven  wells  is  about  30  feet.    Where  stream 
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cutting  has'  been  deep,  a8  at  Halifax,  the  wells  must  be  sunk  deeper 
before  reaching  the  level  of  ground  water.  Springs  are  abundant,  but 
small,  and  are  little  used. 

In  the  western  half  of  the  county  the  crystalline  rocks,  where  not  out- 
cropping, are  close  to  the  surface,  and  the  wells  at  many  places  enter 
their  upper  decomposed  portions.  Owing  to  the  greater  relief,  the  level 
of  ground  water  is  in  many  places  at  a  considerable  depth  beneath  the 
surface,  and  dug  wells  in  places  reach  a  depth  of  80  feet.  Open  wells 
are  mostly  used,  driven  wells  being  restricted  to  areas  covered  by  rem- 
nants of  the  Coastal  Plain  deposits.  A  good  many  springs  are  used  in 
this  section  of  the  county.  At  Sunlight  the  engines  on  the  Seaboard 
Air  Line  Railway  are  supplied  from  a  spring. 

Deep  wells  which  enter  the  underlying  crystallized  rocks  and  derive 
a  supply  of  water  from  them  have  been  drilled  at  Scotland  iNTeck,  En- 
field, and  Halifax.  A  much  softer  water  was  thus  obtained  at  Halifax, 
and  the  people  depend  mostly  upon  this  deep  well,  although  a  few  dug 
and  driven  wells  are  in  use.  At  Enfield  two  attempts  to  obtain  artesian 
water  were  made  a  few  years  ago  with  a  hand  drilling  machine,  but  in 
each  case  drilling  ceased  when  the  rock  was  reached.  A  small  amount 
of  water  was  found  at  20  feet  and  just  above  a  10-foot  bed  of  Miocene 
shell  marl  at  60  feet.  The  water  from  the  latter  horizon  was  of  an 
unsatisfactory  quality.  Below  the  shell  marl,  red  clay  extended  down 
to  the  bedrock.  Later,  about  1900,  two  deep  wells  were  put  down 
about  450  yards  apart.  In  one  of  these,  the  town  well,  the  water  is 
reported  to  come  chiefly  from  a  crevice  at  160  feet.  In  the  other,  the 
graded-school  well,  a  crevice  encountered  at  115  feet  hung  the  drill 
and  prevented  further  drilling.  The  water  of  these  two  deep  wells  is 
used  by  many  of  the  people  for  drinking  purposes.  There  are,  however, 
many  driven  wells  18  to  20  feet  deep  in  use.  The  town  owns  20  open 
wells  averaging  about  20  feet  in  depth,  which  are  used  for  fire  protection. 
Those  recently  dug  are  about  8  feet  square.  Two  of  the  earlier  ones 
are  at  least  12  feet  square.  One  gasoline  and  one  hand  engine  are  used 
for  fire  purposes.  The  gasoline  engine  can  exhaust  one  of  these  in 
one-half  hour,  but  it  will  refill  in  about  the  same  length  of  time.  Thus 
far  there  has  been  sufficient  water  for  fire  protection. 

At  !N^orfleet,  situated  on  the  Chowan  terrace,  a  well  was  sunk  to  a 
depth  of  225  feet.  Water  encountered  at  170  feet  rose  within  8  feet 
of  the  surface.  Hoping  that  a  larger  supply  would  be  obtained,  drill- 
ing was  continued  to  a  depth  of  225  feet,  but  without  success,  and  the 
casing  was  pulled  back  to  170  feet. 

At  Rosemary,  a  small  town  in  the  northern  part  of  the  county,  water 
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is  taken  from  wells  75  to  156  feet  in  depth  drilled  in  the  crystalline 
schists.  There  are  about  15  of  these  in  use.  The  rock  is  entered  at 
from  30  to  80  feet  below  the  surface. 

At  Roanoke  Kapids,  in  many  wells  4  to  6  inches  in  diameter  and 
60  to  108  feet  in  depth,  the  water  is  obtained  from  the  crystalhne 
schists  which  lie  20  to  30  feet  below  the  surface  of  the  town.  These 
wells  yield  from  9  to  35  gallons  of  soft  water  per  minute.  Many  open 
wells  12  to  20  feet  in  depth  are  in  use,  the  water  coming  from  the  basal 
gravelly  beds  of  the  terrace  deposits.  The  water  level  in  the  drilled 
wells  stands  a))out  12  to  14  feet  below  the  surface. 

At  Weldon,  the  bedrock  is  struck  about  35  feet  below  the  surface, 
water  being  obtained  just  above  the  surface  of  the  crystallines.  A  few 
of  the  wells  enter  the  rock,  the  deepest  being  that  of  Mrs.  S.  A.  Ransome, 
drilled  in  1896  to  a  depth  of  90  feet.  In  most  of  the  wells  force  pumps 
are  necessary,  the  nearby  deep  valley  of  the  Roanoke  lowering  the  level 
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HAENETT   COUNTY. 

Topography. — The  topographic  features  of  this  county  are  but  im- 
porfeclly  known,  owing  to  the  lack  of  topographic  maps.  The  Ooharie 
terrace  plain  of  the  Pleistocene  probably  covers  a  limited  portion  of 
the  area  in  the  southeast  at  an  elevation  of  about  220  feet.  Much  of 
the  county  west  of  Cape  Fear  River  falls  within  the  so-called  sandhill 
belt,  whose  elevations  range  from  about  220  to  400  or  500  feet. 

Geology. — Easement  rocks  form  the  surface  or  occur  immediatelv 
beneath  a  thin  mantle  of  Lafayette  sands  and  gravels  over  much  of 
the  northern  third  of  the  county.  Southward  they  pass  beneath  the 
deposits  of  the  Coastal  Plain,  becoming  deeper  and  deeper  beneath  the 
surface.  Over  about  the  southern  half  of  the  county  the  drab  clays 
and  arkosic   sands   of  the  Patuxent   formation  rest   upon   the   uneven 
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of  ground  water  beyond  the  reach  of  suction  pumps,  l^o  analyses  of 
the  well  waters  at  this  place  were  obtainable,  but  it  is  reported  that  the 
quality  varies  considerably.  A  canal  feeding  from  higher  up  the 
Roanoke  River  furnishes  power  to  some  of  the  mills  at  Weldon. 

The  table  given  below  furnishes  detailed  information  of  a  number 
of  the  deep  wells  of  the  county. 

Assays  and  analyses  of  waters  from  this  county  are  given  in  this  report, 
as  follows:  Table  1,  pp.  496,  497,  assays  Xos.  92-95;  Table  2,  pp.  506, 
507,  analyses  IN'os.  28-30.    These  are  discussed  on  page  488. 

Artesian  Prospects. — Flowing  wells  are  not  possible  in  Halifax 
County,  unless  it  be  on  the  lower  lands  bordering  the  Roanoke  River 
and  Fishing  Creek  and  their  tributaries  in  the  extreme  southeastern 
comer  of  the  county.  Over  the  eastern  half  of  the  county  good  sup- 
plies of  artesian  water  are  obtainable  from  the  Miocene  and  Patuxent 
beds  at  from  60  feet  near  Enfield  to  200  feet  in  the  .southeastern  comer. 
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basement  rock  surface,  and  along  the  extreme  southern  border  perhaps 
exceed  100  feet  in  thickness.  In  a  limited  area  a  few  miles  to  the 
northeast  of  Spout  Springs  there  exists  a  remnant  of  siliceous  Eocene 
limestone  resting:  upon  the  Patuxent  bods  at  an  elevation  of  perhaps 
300  feet.  In  the  sandhill  region,  and  to  greater  or  lesser  extent  in  the 
area  of  crystalline  outcrop,  the  surface  is  blanketed  with  sandy  clays, 
sands,  and  gravels  of  the  Lafayette  formation.  In  the  southeastern 
part  of  the  county  loams,  sands,  and  gravels  of  the  Coharie  and  Sun- 
derland forinations  of  the  Pleistocene  form  the  surface  materials. 

Water  Resources.— -l^ut  three  deep  wells  have  been  drilled  in  Harnett 
County,  and  each  of  these  has  entered  the  underlying  rocks  at  less  than 
150  feet  below  the  surface.  The  water  obtained  in  each  case  is  slightly 
hard.    Assay  96,  Table  1,  pp.  496,  497,  is  a  test  of  the  deep  well  at  Dunn. 
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The  water  for  family  use  on  the  farms  and  in  the  small  villages 
scattered  throughout  the  county  is  obtained  almost  entirely  from  open 
wells  and  springs.  Only  a  few  driven  wells  are  in  use.  Springs  are 
abundant,  are  often  very  large,  and  are  much  used.  The  village  of 
Spout  Springs  is  said  to  derive  its  name  from  an  old  spring  which 
issued  through  a  small  spout.  The  open  wells  range  in  depth  from 
10  to  80  feet,  most  of  them  being  less  than  40  feet.  Many  of  these 
enter  the  underlying  basement  rocks,  the  water  coming  from  seams  in 
the  rock. 
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HERTFORD    COUNTY. 


Topography. — The  surface  of  the  county  is  formed  of  Pleistocene 
terrace  plains.  Small  areas  of  the  Pamlico  plain,  with  elevations  not 
exceeding  20  or  25  feet,  are  present  along  Chowan  and  Meherrin 
rivers  and  some  of  their  creek  tributaries;  the  Chowan  plain,  with  ele- 
vations of  30  to  50  feet,  covers  the  greater  part  of  the  eastern  half  of 
the  county;  while  the  Wicomico  plain,  with  elevations  of  from  70  to 
perhaps  80  feet,  covers  about  the  western  half  of  the  county  and  a 
portion  of  the  extreme  southeast.  The  several  terraces  are  separated 
from  each  other  by  well-defined  escarpments.  The  several  plains  have 
sufTerod  dissection  by  stream  erosion  in  greater  or  lesser  degree. 

Geology. — Deposits  of  Miocene  sands,  clays,  and  shell  marls  underlie 
tlie  entire  county.  These  rest  upon  a  buried  surface  of  Cretaceous 
strata.  Tn  the  western  part  of  the  county  this  surface  would  proba- 
bly be  encountered  at  a  depth  of  from  100  to  200  feet,  and  in  the  ex- 
treme east  at  from  500  to  600  feet.  Pleistocene  terrace  deposits  con- 
sisting of  sandy  loams,  sands,  and  clays  which  belong  to  the  Wicomico, 
Chowan,  and  Pamlico  formations,  form  a  surficial  covering  over  the 
Miocene  beds. 

Wafer  Resources. — The  principal  part  of  the  water  supply  of  this 
county  comes  from   open   and   driven   wells   12   to   40   feet   in   depth. 
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Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  496,  497, 
assays  Xos.  96,  97.    These  are  discussed  on  page  488. 

Artesian  Prospects. — The  thinness  and  disconnected  character  of  the 
Coastal  Plain  sediments  over  much  of  the  county  render  them  unim- 
portant as  sources  of  artesian  supplies.  Along  the  southern  border  of 
the  countv,  however,  where  the  Patuxent  formation  is  thickest  its  beds 
may  be  expected  to  furnish  fair  supplies  at  depths  not  much  exceeding 
100  feet,  and  it  is  barely  possible  that  at  low  levels  close  to  the  streams 
flows  may  be  obtained. 
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although  a  few  of  the  driven  wells  reach  60  feet.  The  water  comes 
from  the  lower  sandy  portions  of  the  Pleistocene  formations  or  in  the 
deeper  wells  from  the  upper  sandy  beds  of  the  Miocene.  Along  the 
scarps  where  the  lower  sandy  beds  of  the  Pleistocene  formations  rest 
upon  the  more  compact  Miocene  beds,  as  at  Winton,  numerous  small 
springs  occur.     These  are,  however,  but  little  used. 

At  Win  ton  two  deep  wells  have  been  drilled,  one  of  which,  situated 
on  low  land  near  the  Chowan  River,  has  a  flow  of  about  1  gallon  per 
minute  from  a  depth  of  135  feet.  In  this  well  a  small  overflow  was 
also  obtained  at  about  100  feet.  The  other  well,  drilled  to  a  depth  of 
165  feet  in  the  main  part  of  the  town  on  the  Chowan  terrace,  encoun- 
tered the  same  water-bearing  strata,  ^ot  obtaining  a  flow,  the  well 
was  not  used  for  a  considerable  length  of  time,  and  when  attempts 
were  made  to  pump  it,  the  pipe  was  found  to  be  full  of  sand. 

The  only  other  drilled  well  in  the  county  is  at  Tunis,  the  situation 
of  this  well  being  similar  to  that  of  the  flowing  well  at  Winton.  A 
flow  was  struck  at  165  feet,  but  the  casing  was  driven  only  130  feet. 
The  well  flowed  about  four  months,  the  flow  gradually  decreasing  until, 
on  account  of  a  cave-in  between  the  end  of  the  casing  and  the  water- 
bearing stratum,  the  flow  ceased.  In  the  fall  of  1906  the  well  was 
cleaned  out  and  now  has  a  flow  of  about  -^4  gallon  per  minute. 
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One  assay  and  three  analyses  of  waters  from  this  county  are  given 
elsewhere  in  this  report,  as  follows:  Table  1,  pp.  498,  499,  assay  Xo. 
98 ;  Table  2,  pp.  506,  507,  analyses  Nos.  31-33.  These  are  discussed  on 
page  488. 

Artesian  Prospects. — The  sandy  beds  of  the  Miocene  contain  an 
abundance  of  potable  water  which  is  sometimes  hard,  owing  to  the 
presence  of  Miocene  shell  marl  beds. 
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HYDE   COUNTY. 

Topography, — The  surface  of  the  entire  county  is  low,  nowhere  ex- 
ceeding 15  feet  in  elevation  above  sea  level.  It  forms  a  part  of  the 
Pamlico  terrace  plain,  which  is  the  lowest  of  the  Pleistocene  terraces. 
The  highest  land  is  reported  to  be  in  the  vicinity  of  Pungo  Lake  in 
the  northwest  comer  of  the  county.  Much  of  the  county  is  covered  by 
peaty  swamps.  Salt  marshes  border  the  coast  everywhere.  Mattamus- 
keet  Lake,  16  miles  long  by  5  miles  wide  and  4  feet  deep,  lies  in  tlie 
center  of  the  county.  Alligator  Lake,  a  much  smaller  lake,  3  to  5  feet 
deep,  is  in  the  northern  part  of  the  county.  Low  ridges  surround  those 
lakes.  According  to  legend,  the  lake  depressions  were  formed  by  the 
burning  of  peat  bogs.  They  may,  however,  be  original  depressions  in 
the  surface  of  tlie  terrace  plain. 

Geology. — Fine  sands,  sandy  loams,  and  clays  belonging  to  the  Pam- 
lico formation  constitute  the  surface  materials  over  all  the  countv. 
These  rest  upon  sandy  clays  and  shell  marls  believed  to  be  of  Pleisto- 
cene ago.  The  latter  rest  in  turn  upon  similar  Pliocene  beds.  The 
combined  thickness  of  the  Pliocene  and  Pleistocene  beds  is  thought  to 
amount  to  about  80  to  100  feet.  Beneath  the  Pliocene  beds  are  similar 
beds  of  Miocene  age  which  have  an  unknown  thickness.  (See  section 
of  well  at  Lake  Landing,  p.  252.) 

^Vafer  Bpsovtccs. — Cistern  water  is  used  bv  many  of  the  inhabitants 
of  the  county.  A  few  shallow  open  wells  6  to  15  feet  in  depth  are  in 
use,  but  almost  overvwhero  in  the  countv  water  from  this  source  is  re- 
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The  depths  at  which  the  basal  Cretaceous  beds  would  be  encoun- 
tered can  only  be  determined  by  drilling.  In  the  extreme  western  part 
of  the  county  it  is  probable  that  they  would  be  reached  somewhere 
between  100  and  200  feet  below  the  surface.  Eastward  they  become 
deeper,  and  in  the  extreme  east  probably  occur  at  a  depth  of  500  feet 
or  over.  There  is  good  reason  to  believe  these  beds  would  prove  to  be 
the  source  of  water  of  excellent  quality. 
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ported  unsatisfactory.  However,  on  the  low  ridge  surrounding  Lake 
Mattamuskeet  some  fairly  good  shallow  well  water  is  obtained. 

At  Fairfield  the  landholders  have  cisterns,  but  the  tenants  ude  open 
wells.  The  water  from  the  latter  is  unsatisfactory.  Some  of  the  dug 
wells  a  short  distance  from  Fairfield  furnish  dark,  reddish-brown  water, 
the  color  being  due  to  vegetable  matter.  Similar  colored  waters  are 
obtained  at  Middletown  and  Engelhard,  where  it  is  used  chiefly  for 
watering  stock.  Storm  tides  flood  a  considerable  portion  of  the  section 
around  Middletown,  at  which  times  wells  in  the  flooded  areas  are  filled 
with  salty  water.  In  shallow  wells  located  near  the  shores  of  the  sound 
the  level  of  ground  water  is  said  to  vary  with  the  tide.  At  Ocracoke 
on  the  banks  the  land  is  low  and  the  shallow  well  water  salty  and  un- 
satisfactory.    Cistern  water  only  is  used  here. 

Many  deep  wells  have  been  drilled  in  the  more  thickly  settled  parts 
of  the  county.  Small  flows  are  obtained  at  some  places,  and  in  all 
cases  where  flows  do  not  occur  the  water  rises  to  within  a  short  dis- 
tance of  the  surface.  Detailed  information  has  been  obtained  concern- 
ing a  considerable  number  of  the  deep  wells,  and  this  has  been  arranged 
in  tabular  form.     (See  table  below.) 

Middletown  is  well  supplied  with  artesian  water.  That  from  the 
deeper,  horizons,  after  first  reaching  the  surface,  emits  an  odor  of  hydro- 
gen sulphide.  The  high  iron  content  renders  much  of  the  deeper  water 
unsatisfactory  for  cooking  and  laundry  purposes. 

At  Engelhard  the  conditions  are  about  the  same  as  at  Middletown. 
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At  Fairfield  two  wells  which  exceeded  200  feet  in  depth  each  encoun- 
tered slightly  salty  water. 

There  are  many  wells  in  the  vicinity  of  Swanquarter  which  range 
in  depth  from  75  to  200  feet,  the  water  as  a  rule  being  slightly  sul- 
phurous. 

For  information  regarding  some  of  the  original  wells  drilled  in  this 
county,  see  Barton's  report,  IT.  S.  Geological  Survey  Bulletin,  Xo. 
138,  pp.  197-198. 
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Assays  and  analyses  of  waters  from  this  county  are  given  elsewhere 
in  this  report,  as  follows :  Table  1,  pp.  498,  499,  assays  Nos.  ^9,  100 ; 
Table  2,  pp.  606,  507,  analyses  Nos.  34,  35.  These  are  discussed  on 
page  488. 

Artesiwn  Prospects, — Experience  has  demonstrated  that  potable  wa- 
ters are  obtainable  in  most  parts  of  the  county  at  depths  ranging 
down  to  250  feet.  Drilling  to  much  greater  depths  than  this  would 
probably  encounter  water  too  salty  to  be  of  use  for  ordinary  purposes. 

COUNTY. 


Yield  per  minute. 


Flow—      Pump— 
galloHB.      gallons. 


How 

obtained  at 

aurface. 


Uae. 


Qeol(^e  horlion 

and  eharacier  of 

water-beds. 


Remarks. 


50± 


pitcher 
pump, 
steam 
pump, 
steam  and 
hand  pump. 


domesUe. 

domestic  and 

boiler, 
domestic  and 

boiler. 


2     flows. 

domestic. 

1 

J    pumped. 

1     pumped. 
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Miocene;  gravel. 
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rook  and  sand. 
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Miocene;  shell,  sand  and 
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Miocene:  gravel. 


Miocene. 

Miocene;  gravel. 
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rock. 
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I  Miocene?  sand  and  shells. 

Miocene?  sand  and  shells. 

Miocene. 


Another  horiion  at  90  ft. 
Another  horison  at  3040  ft. 
Another  horison  at  140  ft. 

Flow  varies  with  tkle.  See  analysta 
No.  35,  Uble  2,  pp.  506, 507.  See 
U.  S.  G.  S.  Bull.  138.  p.  198. 
Other  horisons  at  50  and  75  ft. 

Other  horisoiiB  at  150  and  180  ft. 

Another  horlion  at  30  ft. 


Other  horisons  at  75  and  125  ft. 

See  water  assay  No.  100,  table  1,  pp. 

408.490.  Other  horisons  at  60 

and  150  ft. 
Other  horisons  at  50  and  75  ft. 

Another  horlion  at  140  ft. 


Another  supply  at  75  ft. 


Another  supply  at  80  ft. 

Set  of  samples  with  fossils  received. 

See  section,  p.  252. 
See  water  assay  No.  09,  table  1, 

pp.  408. 499. 


Seeanalysls  No.  35.Uble  2,pp.506.607 
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JOHNSTON  COrNTY. 


Topography, — Portions  of  the  southern  and  eastern  parts  of  the 
county  are  covered  by  topographic  maps.  A  reentrant  of  the  Wicomico 
terrace  plain  of  the  Pleistocene  extends  up  Neuse  River,  having  a  width 
of  several  miles.  Its  elevations  range  from  about  80  to  120  feet.  The 
flat  country  around  Smithfield  forms  a  part  of  the  Sunderland  plain 
at  elevations*  of  from  130  to  150  feet.  The  Coharie  plain  covers  a 
considerable  area  in  the  southern  part  of  the  county,  at  elevations  of 
from  190  to  230  feet.  This  plain  has  been  very  much  dissected.  More 
than  half  of  the  county  on  its  northwestern  side  presents  a  broken,  hilly 
surface,  with  elevations  ranging  from  210  to  350  feet  or  more,  the 
relief  being  of  a  Piedmont  rather  than  of  a  Coastal  Plain  character. 

Geology, — Basement  rocks  form  the  principal  outcropping  rocks  in 
the  northwestern  half  of  the  county,  although  these  are  mantled  to 
greater  or  lesser  extent  with  sands  and  gravels  of  the  Lafayette  and 
Coharie  formations.  Over  the  southeastern  portion  of  the  area  the 
Patuxent  formation,  consisting  of  compact  clays  and  gray,  arkosic 
sands,  underlies  the  region  and  rests  upon  the  uneven,  buried  crystal- 
line surface.  These  are  overlain  to  a  limited  extent  in  the  southeast 
by  sands  and  clays  of  the  Black  Creek  formation.  The  Patuxent  and 
Black  Creek  beds  are  concealed  by  a  surface  covering  of  Pleistocene  de- 
posits consisting  of  sandy  clays,  sands,  and  gravels  belonging  to  the 
Coharie,  Sunderland,  and  Wicomico  formations,  or  along  their  western 
border  by  Lafayette  beds  of  similar  character. 

Water  Resources. — Most  of  the  inhabitants  of  this  county  obtain  an 
abundant  supply  of  water  from  shallow  dug  or  driven  wells  10  to  40 
feet  in  depth.     The  water  comes  from  the  lower  sandy  and  gravelly 
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COUNTY— COXTINUED. 
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flows. 
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boiler.  Miocene?  sand. 

Miocene;  gravel. 


domestic  and 
boiler. 


Water  all  the  way  below  surface. 


Another  horlion  at  50  or  60  ft. 


portions  of  the  Pleistocene  and  Lafayette  deposits.  At  many  places 
in  the  northwestern  half  of  the  county  the  crystalline  rocks  either  out- 
crop at  the  surface  or  are  close  to  it,  and  a  considerable  number  of  the 
open  wells  are  dug  into  them.  Small  springs  occur  along  the  slopes  of 
the  valleys  and  scarps.  These  springs  are  used  for  domestic  purposes 
to  a  limited  extent.  Nearly  all  of  the  deeper  wells  of  the  county  derive 
their  supply  from  the  underlying  crystalline  rocks.  A  partial  list  of 
these  is  given  in  the  table  of  well  data  below. 

At  Smithfield  a  bluish  slate  or  phyllite  rock  is  struck  at  depths  vary- 
ing from  15  to  40  feet  beneath  the  surface.  Many  wells  ranging  from 
60  to  150  feet  in  depth  have  been  drilled  into  this  rock.  Within  the 
corporate  limits  over  20  deep  wells  obtain  a  supply  from  this  source. 
Several  mills  near  the  town,  but  outside  the  corporate  limits,  also 
have  drilled  wells.  The  water  from  the  slate  rises  to  within  10  feet  of 
the  surface.  In  many  cases  it  contains  considerable  iron.  Only  a  few 
of  the  more  typical  wells  are  included  in  the  table  of  well  data. 

At  Selma  a  slate  similar  to  that  at  Smithfield  is  struck  at  from  20 
to  70  feet  below  the  surface.  Drilled  wells  are  numerous.  The  wells 
range  in  depth  from  140  to  300  feet,  the  average  depth  being  about 
160  feet.  The  water  rises  to  within  15  feet  of  the  surface,  the  amount 
obtainable  varying  considerably,  in  many  cases  the  level  being  lowered 
several  feet  by  pumping.  The  water  is  as  a  rule  ferruginous  and  sul- 
phurous. The  drilled  wells  of  the  Southern  Railway  and  the  Atlantic 
Coast  Line  Railroad  at  Selma  do  not  furnish  sufficient  water  to  supply 
their  needs.  The  supply  is  added  to  by  dug  wells  sunk  around  the 
casing  of  the  drilled  wells  to  the  water-bearing  sands  at  the  base  of  the 
Pleistocene.     The  dug  well  at  the  tank  of  the  former  has  a  depth  of  25 
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feet,  a  diameter  at  the  top  of  18  feet  and  at  the  bo.ttom  of  10  feet.  At 
the  tank  of  the  latter  the  dug  well  has  dimensions  of  20  by  20  by  20  feet. 
The  table  contains  only  a  partial  list  of  the  deep  wells  at  Selma. 

Several  deep  wells  have  been  drilled  at  Kenly,  the  depths  ranging 
from  90  to  160  feet.  Bedrock  is  encountered  at  about  23  feet  below  the 
surface.  The  six  wells  of  the  Dennis  Simmons  Lumber  Company, 
pumped  together,  are  reported  to  yield  50  gallons  per  minute  for  an 
indefinite  time  and  to  show  no  lowering  of  the  water  level. 

A  flowing  well  about  40  feet  deep  is  reported  on  low  land  about  2 
miles  south  of  Pine  Level  which  probably  derives  its  supply  from  the 
Patuxent  beds.  No  other  wells  are  known  whose  water  comes  from  this 
source. 

Assays  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  follows :    Table  1,  pp.  498,  499,  assays  Nos.  101- 
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104;  Table  2,  pp.  5.06,  507,  analysis  No.  36.  These  are  discussed  on 
page  488. 

Artesian  Prospects, — Over  the  greater  part  of  this  county  water  is 
obtainable  from  wells  drilled  in  basement  slates  or  phyllites  and  asso- 
ciated rocks  at  depths  ranging  from  100  to  300  feet.  The  water  from 
this  source  will  in  most  cases  rise  within  a  few  feet  of  the  surface. 

The  only  possible  source  of  deep-well  water  in  Coastal  Plain  mate- 
rials is  the  Patuxent  formation  in  the  southeastern  part  of  the  county. 
The  uneven  character  of  the  rock  surface  on  which  the  Patuxent  beds 
rest,  however,  renders  the  thickness  present  at  any  one  place  uncertain, 
but  it  is  probable  that  it  does  not  exceed  100  feet  in  many  places.  Flow- 
ing wells  from  this  source  are  believed  to  be  possible  on  the  lowlands 
along  Neuse  River  and  its  tributaries.  The  water  carried  by  the  Pa- 
tuxent beds  is  probably  everywhere  of  excellent  character. 
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Entered  basement  rock  at  20  ft. 

Entered  basement  rock  at  45  ft. 
Another  horiion  in  Coartal  Plijn 
materials  at  30  ft.  See  water 
assay  No.104',  Uble  I .  pp.  498, 499. 

Entered  basement  rock  at  60  ft. 

See  water  assay  No.  102,  table  1, 
pp.  498.  499.  Entered  basement 
rock  at  about  20  ft. 

Entered  basement  rock  at  about  55 
ft. 


Entered  basement  rock  at  26  ft. 

Lowered    10   ft.    by   pumping. 

Another  horison  at  135  ft. 
Depth  to  basement  rock,  30  ft> 

Lowered  13  ft.  by  pumpins. 
Entered  basement  rock  at  30  ft. 

Entered  basement  rook  at  30  ft. 

Entered  basement  rock  at  20  ft. 

Entered  basement  rock  at  30  ft. 
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Entered  basement  rock  at  70  ft.  and 
no  water  obtained. 

Entered  basement  rock  at  20  ft. 
Lowered  9  ft.  by  pumping.  Other 
horiions  at  12, 116. 130  and  180  ft. 
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JONES   COUNTY. 

Topography, — Two  Pleistocene  terrace  plains  make  up  the  surface 
of  this  county.  The  southeastern  part  of  the  county  is  covered  by  the 
Chowan  plain,  which  varies  in  elevation  from  25  to  about  45  feet. 
The  remainder  of  the  area  is  covered  by  the  Wicomico  plain  at  eleva- 
tions of  from  50  to  80  feet.  The  latter  is  somewhat  dissected  by  Trent 
River  and  its  small  tributaries,  but  there  are  broad  interstream  areas 
which  are  very  flat.  Great  Dover  Swamp  and  Whiteoak  Pocoson  form 
parts  of  this  plain.  The  two  terrace  plains  are  separated  by  a  scarp 
which  in  places  is  well  defined. 

Geology. — Peedee  beds,  consisting  of  marine  sands  and  clays,  under- 
lie the  entire  county,  having  a  limited  area  of  outcrop  in  the  extreme 
northwest,  but  coastward,  passing  deeper  and  deeper  beneath  overlying 
Eocene  beds  belonging  to  the  Trent  formation.  In  this  northwest  re- 
gion the  Peedee  formation  is  in  turn  underlain  at  a  considerable  depth, 
perhaps  400  or  500  feet,  by  beds  of  the  Black  Creek  formation.  These 
pass  deeper  beneath  the  Peedee  beds  in  the  direction  of  the  coast. 
The  Trent  beds  are  present  over  most  of  the  county,  becoming  thicker 
to  the  southeast.  They  consist  for  the  most  part  of  porous,  siliceous 
limestones,  although  there  are  interstratified  sandy  layers.  At  Pol- 
loksville  along  Trent  River  the  formation  contains  a  great  bed  of 
oysters  having  a  thickness  of  12  to  15  feet,  made  up  almost  entirely 
of  the  species  Ostrea  georgiana,  a  massive  form  which  often  exceeds  12 
inches  in  length.  Miocene  sands  and  shell  marls,  which  probably  exist 
as  thin,  disconnected  sheets,  rest  upon  the  Eocene  over  at  least  parts 
of  the  county.  A  thin  covering  of  sands,  sandy  loams,  and  clays  of 
Pleistocene  age,  which  belong  in  part  to  the  Wicomico  formation  and 
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Entered  basement  rock  at  23  ft. 

Another  horiion  in  Coastal  Plain 

materials  at  22  ft. 
Five  other  wells  in  area  of  i  acre, 

with  depths  as  follows:  90,  100, 

100, 102. 104. 


in  part  to  the  Chowan  formation,  spread  over  the  older  formations 
throughout  the  county. 

Water  Resources, — ^Until  within  the  last  few  years  the  lower  sandy 
portions  of  the  Pleistocene  formations  have  furnished  a  large  part  of 
the  domestic  water  supply.  At  the  present  time,  however,  the  porous 
Eocene  limestone  is  tapped  by  a  great  many  wells  at  depths  varying 
from  7  to  153  feet,  the  most  common  depth  being  30  or  40  feet.  The 
Vater  in  this  horizon  is  under  but  little  pressure,  with  the  result  that 
flowing  wells  are  almost  unknown.  The  supply  obtained  at  most  places 
seems  to  be  almost  inexhaustible.  Many  springs  issue  from  the  lime- 
stone along  the  Trent  River  and  its  tributaries.  Some  of  the  deeper 
wells  may  penetrate  Peedee  beds  which  underlie  the  Eocene  limestones. 
A  flowing  well  is  reported  in  the  northwestern  part  of  the  county,  but 
no  data  are  obtainable  regarding  it.  It  is  probable,  however,  that  it 
taps  a  Peedee  horizon.  A  few  typical  wells  are  included  in  the  table 
given  below. 

At  Trenton  water  is  obtained  from  drilled  wells  25  to  153  feet  in 
depth.  Only  one  driven  and  two  open  wells  are  reported  in  the  town. 
The  most  common  depth  of  the  drilled  wells  is  about  40  feet.  The 
water  comes  from  shell-rock  and  rises  to  within  a  few  feet  of  the 
surface. 

At  Polloksville  drilled  wells  are  in  most  general  use.  Water  is  ob- 
tained from  shell-rock  at  from  10  to  60  feet  below  the  surface.  The 
most  common  depth  is  from  25  to  35  feet.  (See  assay  No.  107,  pp.  498, 
499.) 

At  Whitford,  springs  and  open  and  drilled  wells  are  used.  The  wells 
are  from  20  to  40  feet  deep.     The  water  comes  from  shell-rock. 

At  Maysville  it  is  about  40  feet  to  the  shell-rock.  The  open  wells 
average  15  feet  in  depth,  the  driven  wells  15  to  18  feet,  and  the  drilled 
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wells  50  feet.  The  deepest  drilled  well  is  68  feet  deep.  In  the  drilled 
wells  water  rises  to  within  2  to  8  feet  of  the  surface.  The  shallow 
water  is  reported  unsatisfactory. 

At  Comfort  a  few  dug  wells  are  used,  and  only  one  or  two  driven 
wells.  A  few  drilled  wells  25  to  87  feet  in  depth  are  in  use.  The  water 
rises  to  within  10  feet  of  the  surface.    It  is  found  in  shell-rock. 

In  the  northwestern  part  of  the  county,  in  Chinquapin  Township, 
drilled  wells  are  owned  by  nearly  every  family.  The  wells  average  30 
feet  in  depth,  but  range  all  the  way  from  7  to  70  feet.  The  water, 
which  is  obtained  from  shell-rock,  rises  to  within  2  to  10  feet  of  the 
surface. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  498,  499, 
assays  !N*os.  105-108.    These  are  discussed  on  page  488. 

JONES 


« 

Location. 

Owner. 

Date  completed. 

Elevation  of 
surface  above 
datum — feet. 

Datum. 

,  - 

■ 

t 

Diameter— inches. 

Depth  to  principal 
water  supply- 
feet. 

K-H 

1' 

Comfort 

.   C.  A.  Rhodes 

1906 

4 

51      sea  level. 

80 

U 

80 

—10 

2 

....do 

.   Ooldoboro  Lumber  Co.. 

1904 

50      sea  level. 

87 

3 

87 

—10 

3 

Tuckahoe 

Trenton 

. '  F-.  1*.  Jiirman  . 

' 

62 
133 

+  0 

4 

-   Q.T.  Coble 

1904 

30      sea  level. 

1 

—12 

5 

-..do 

.   Mrs.  V.  Perry 

1904 

30      sea  level.; 

1 

123 

—  5 

6 

....do 

.    L.F.Andrews 

1893 

44      sea  level. 

21 

21 

—10 

7 

-...do 

Whitford,  ImileS.of.,.. 

.   J.  C.  Parker 

35±   sea  level. 
25±    sea  level. 

153 
37 

2 

37 

8 

.   H.J.Grecn 

1899 

9 

....do 

.   M.D.FnwelI 

1906 

25±    sea  level. 

35 

2 

30 

-25T 

10 

Whitford,  2  miles  E.  of... 

.   W.F.Foy 

•    LENOIR 

1893 

COUNTY 

21      sea  level. 

• 

40 

U 

m 

—  8 

Topography. — Three  Pleistocene  terrace  plains  form  the  surface  of 
this  county.  N'euse  River  is  bordered  by  the  Chowan  plain,  which  has 
a  width  of  several  miles  and  elevations  probably  ranging  between  30 
and  60  feet.  This  is  separated  from  the  next  higher  or  Wicomico  plain 
almost  ever^^where  by  a  well-defined  scarp.  The  latter  plain  is  be- 
lieved to  cover  the  greater  part  of  the  county  at  elevations  of  from  50 
to  perhaps  70  feet,  although  the  lack  of  topographic  maps  renders  its 
extent  and  elevation  somewhat  uncertain.  It  is  believed  that  the  next 
higher  or  Sunderland  terrace  plain  at  elevations  exceeding  100  feet 
covers  a  small  area  in  the  extreme  northwest,  the  town  of  LaGrange 
being  situated  upon  it. 
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Artesian  Prospects, — The  Eocene  beds  and  the  underlying  Peedee 
beds  are  the  only  artesian  water  horizons  which  have  thus  far  been  ex- 
plored by  deep  drilling.  In  neither  is  the  head  sufficient  to  produce 
flowing  wells,  except  possibly  in  the  very  lowest  places  along  the 
streams.  The  water,  however,  always  rises  within  reach  of  suction 
pumps.  In  the  southeastern  part  of  the  county  wells  drilled  through 
the  Eocene  beds  into  the  underlying  Peedee  beds,  which  in  this  region 
must  be  several  hundred  feet  beneath  the  surface,  would,  it  is  believed, 
encounter  salty  water. 

In  the  central  and  western  parts  of  the  county  deeper  drilling  to 
depths  of  400  or  500  feet  or  more  would  probably  reach  horizons  in 
the  Black  Creek  formation  which  would  yield  abundant  supplies  of 
potable  water,  although  the  water  might  prove  to  be  brackish. 

COUNTY. 


Yield  per  minute.  ■ 

How       I 
obtained  at 
Flow—  1  Pump —         surface. 
galloDB.      gallona.  i 


Uie. 


Geologio  horlaon 

and  cAaraeter  of 

water-beds. 


hand  pump. 

pitcher 
pump, 
flows. 

force  pump. 

hand  pump. 

hand  pump. 


domestic, 
domestic. 

domestic, 
domestic, 
domestic. 


hand  pump, 
hand  pump, 
hand  pump. 


domestic 
domestic, 
domestic. 


Trent  formation;  rock. 
Trent  formation;  sand. 

Peedee  formation? 

Trent  formation. 

Trent  formation. 

Trent  formation. 

Trent  formation. 

Trent  formation. 
Trent  formation;  sand. 
Trent  formation;  sand. 


RemarJEB. 


other  horiions  at  40  and  60  ft. 


Entered  Eocene  rock  at  18  ft. 


Entered   Eocene   rock  at   30   ft. 

Other  horisons  at  25  and  32  ft. 
Other  horisons  at  22  and  30  ft. 

Entered  Eocene  rock  at  23)  ft. 
Another  horizon  at  23  ft. 


Geology. — ^With  the  exception  of  a  small  area  in  the  northwest,  the 
entire  county  is  underlain  by  the  Peedee  formation,  which  here  con- 
sists of  dark  greenish  or  grayish,  glauconitic  sands  and  clays,  with 
occasional  indurated  layers.  The  Peedee  formation  is  underlain  con- 
formably by  the  Black  Creek  formation,  which  appears  above  water 
level  in  a  small  area  in  the  northwestern  part  of  the  county.  Miocene 
sands  and  clays  are  probably  present  in  the  northeast,  resting  uncon- 
formably  upon  the  Peedee  beds.  A  thin  covering  of  Pleistocene  sandy 
clays,  sands,  and  gravels  belonging  to  the  Sunderland,  Wicomico,  and 
Chowan  formations  overlies  all  earlier  formations. 

Water  Resources. — ^An  abundant  supply  of  water  is  obtainable  by 
means  of  shallow  open  and  driven  wells  in  the  lower  sandy  water- 


428  THE  COASTAL   PLAIN   OF   NOETH  CAROLINA. 

bearing  portions  of  the  Pleistocene  deposits.  These  wells  range  from 
10  to  20  feet  in  depth.  A  few  reach  to  30  feet,  but  in  these  the  water 
probably  comes  from  the  sandy  portions  of  the  underlying  Peedee 
beds. 

Numerous  small  springs  occur  along  the  valley  and  scarp  slopes, 
emerging  from  the  base  of  the  Pleistocene  deposits.  The  principal 
sources  of  the  deeper  well  waters  of  the  county  are  the  Cretaceous  beds 
of  the  Peedee  and  Black  Creek  formations. 

Wells  concerning  which  information  has  been  obtained  are  included 
in  the  tables  of  well  data  below.  (See  also  Bull.  U.  S.  Geol.  Survey. 
No.  138,  pp.  203-204.) 

Kinston  is  situated  on  the  Chowan  terrace  which  borders  Neuse 
River.  The  city  owns  its  water  system,  the  supply  being  derived  from 
3  wells  each  310  feet  deep.  The  water  is  raised  by  an  air  lift  and  over- 
flows into  a  circular  cement  reservoir  of  350,000  gallons  capacity,  sunk 
in  the  terrace  close  to  the  pumping  station.  Two  of  the  wells  are  situated 
within  the  reservoir,  while  the  third  well  is  40  feet  off  to  one  side. 
From  the  reservoir  the  water  is  raised  by  a  McGk)wan  steam  pump  to 
a  standpipe  of  150,000  gallons  capacity  situated  on  the  higher  land 
north  of  the  city.  In  case  of  fire  it  is  possible  to  pump  directly  into  the 
citv  mains.    The  wells  are  situated  three-fourths  of  a  mile  west  of  the 

a. 

city  post-office  and  about  200  yards  from  Neuse  River.  The  maximum 
capacity  of  each  well  is  stated  to  be  150  gallons  per  minute.  The  three 
wells  are  usually  pumped  together  at  the  rate  of  300  gallons  per  minute. 
There  are  about  12  miles  of  water  mains  laid  in  Kinston  and  about 
one-fourth  of  the  inhabitants  are  supplied,  approximately  120,000  gal- 
lons being  used  daily.  The  system  was  established  in  1905,  the  wells  be- 
ing completed  that  year.  The  water  supplied  by  these  three  wells  is 
probably  derived  from  sandy  layers  in  the  Black  Creek  formation.  A 
water-bearing  stratum,  between  88  and  104  feet  below  the  surface. 
yielded  by  pumping  150  gallons  per  minute  of  extremely  hard  water. 
The  water  from  this  horizon  did  not  overflow.  At  a  depth  of  212  to 
220  feet  another  water-bearing  horizon  was  encountered  from  which 
soft  water,  very  similar  to  that  obtained  at  304  feet,  could  be  pumped 
at  the  rate  of  45  gallons  per  minute.  This  water  would  flow  at  the  rate 
of  15  gallons  per  minute.  A  horizon  which  furnishes  the  main  part  of 
the  supply  was  encountered  at  304  feet;  this  flows  at  the  rate  of  15 
gallons  per  minute.  The  water  from  this  horizon  will  rise  24  feet 
above  the  surface.  Pumping  at  the  rate  of  150  gallons  per  minute  on 
one  well  lowers  the  water  level  to  a  point  150  feet  below  the  surface. 
Several  wells  in  the  vicinity  of  Kinston  tap  a  horizon  at  210  feet. 
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which  yields  strong  flows.  The  county  well  at  Kinston,  which  is  225 
feet  deep,  has  a  flow  of  10  gallons  per  minute.  The  water  from  this 
horizon  is  soft. 

Mr.  H.  H.  Carr,  who  has  drilled  a  large  number  of  wells  in  the 
vicinity  of  Kinston,  has  furnished  the  following  table  of  records: 

Record  of  Wells  Drilled  at  Kinston  and  Vicinity 
BY  H.  H.  Gabs,  Goldsbobo,  N.  C. 


Well  No. 

1 

2 

3 

4 

5 

XX  6 

•  7 

8 

9 

10 

11 

12 

X  13 

X15 

16 

17 

18 

19 

20 

21 

22 

23 

X24 

25 

26 

XX  27 


Owner. 


Depth 
No.  Feet. 


S.  H.  Isler.  Jr. '  240 

E.  M.  Hodges  Machine  Works ._ -. |  230 

Lenoir  Oil  and  Ice  Company • _ ,  225 

Hines  Bros.  Lumber  Company. _ _ -  225 

W.  H.  Ashley  Silk  Company 220 

E.  P.  Loftin,  R.  F.  D.  No.  4 538 

County  of  Lenoir _ 225 

Kinston  Cotton  Mills _._ -J  225 

J.  P.  Taylor,  President... 276 

J.  P.  Taylor,  President 276 

J.  P.  Taylor,  President 225 

Orion  Knitting  MUls _.. ,  225 

J.  Hyman  Newborn - - 400 

Hines  Bros.  Lumber  Co - 370 

J.  F.  Nobles _ _ '  240 

Caswell  Cotton  Mills _ _ 220 

City  of  Kinston _ _-_ -._ !  225 

City  of  Kinston _ 220 

City  of  Kinston _ _. ,  220 

City  of  Kinston 220 

B.  F.  Fields - .  200 

J.  F.  Homer _-_ '  200 

L.  Harvey - - 325 

Robert  Hodges ._ _ 145 

Robert  Hodges _.- _ __ _.-  145 

Paul  A.  Hodges - 470 


Wells  marked  XX  afforded  no  water  at  all. 
Wells  marked  X  afford  an  abundance  of  water,  but  do  not  flow. 
Well  No.  10  is  7  inches  in  diameter.     It  affords  flows  at  depths  of 
224  feet  and  276  feet  respectively. 
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All  not  specially  marked  are  flowing  wells,  varying  in  quantity  from 
6  to  30  gallons  per  minute  through  2-inch  pipes. 

A  few  deep  wells  have  heen  drilled  at  LaGrange.  One  recently  drilled 
for  the  town  authorities  was  located  just  south  of  the  railroad  on  the 
main  street.  The  total  depth  reached  in  this  well  was  said  to  have  been 
about  280  feet.  It  was  started  with  a  6-inch  pipe  and  later  a  4-inch 
pipe  was  used  within  the  larger.  The  materials  passed  through  are 
reported  to  have  been  sand  from  top  to  bottom,  with  occasional  thin 
strata  of  clay.  The  material  from  the  bottom  of  the  well  was  a  clean, 
gray,  micaceous,  slightly  glauconitic  sand.  Plenty  of  water  was  encoun- 
tered, but  because  no  overflow  was  obtained  and  because  quicksand 
hindered  the  drilling,  work  was  discontinued  and  the  well  abandoned. 
The  water  rose  to  within  25  feet  of  the  surface.  The  elevation  of  the 
surface  here,  which  is  109  feet  above  sea  level,  is  too  great  to  permit 
of  flowing  wells. 

On  the  Chowan  terrace  bordering  Neuse  River,  south  and  southeast 

LENOIR 


IjOcatioD. 


Owner. 


a 

9 


1    I 

2 
3 
4 

5  ' 
6 

7  I 
8 
9 
10 

», 
12 

13 

14 

15 

16 

17 

18 


ex. 

a 

8 

I 


^11,   3 


f 
t 

a 


s 

I 


Kliuton. 
...do... 


.do. 


Kinston,  1  mile  E.  of 

Klnston.  6  miles  S.  W.  of.. 

Einston,  4  miles  S.  of 

Kinston,  5\  miles  S.  W.  of. 

LaGrange 

LaGrange,  6  miles  S.  E.  of. 
LaGrange,  4  miles  E.  of... 

LaGrange,  h  nUle  S.  of 

LaGrange,  5  miles  S.  of . .. 

LaGrange,  5  miles  S.  of 

Falling  Creek 

Falling  Creek,  2  miles  S.  E. 

of. 
Falling  Creek,  3  miles  S.  E. 

of. 
Falling  Creek.  U  miles  S.  of 


PinkhiU... 


aty 

Hlnes  Bros.  Lumber  Co. 

County 

S.W.Isler 

W.E.Sutton 

Mrs.  Helen  Kennedy 

Jesse  Jackson 

E.M.  Flowers 

W.F.Sutton 

F.R.  Hodges 

A.Miller 

Ira  Dawson..'. , 

Mrs.  Delia  Dawson 

Joshua  Dawson 

William  Herron 

J.  H.  Darden 

W.  L.  Kennedy 

J.J.Smith 


1904     44 

1907  .about 

1907    about 

45. 
1906     38 

1906 

1891 

1906    50± 

about 

100. 
1906    40± 

1904  iO± 

1906  75 

1897  40± 

1895  40d: 

40± 

40± 

1906  I  40± 

1906  40± 

1906  


level.  I 
sea  level, 
sea  level. 
sea  level. 


,flea  level.j 
sea  level. 
'sea  level. 

level. 

leveL 


310 

210 

225 

248 

200 

150i: 

228 

175 

100 

96 
100 

56 

67 
115 
158 
152 
140 
190 


8 
3 
2( 
2 

U 


sealeveL 

228 

li 

sea  level. 

175 

U 

sea  level. 

100 

U 

sea  level. 

96 

1 

u 

3 

u 


u 


304—0 

+  3 

+  0 

+  2 

200+2 

—10? 

216     +  2 

+  0 

+  4 

—10 

+  6 

+  4 

+  6 

+  0 

152  +  8 
140+4 
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of  LaGrange,  as  far  as  Falling  Creek  Station  on  the  Norfolk  South- 
era  Eailroad,  there  are  many  flowing  wells  ranging  in  depth  from  57 
to  158  feet.  The  amount  of  flow  varies  from  5  to  25  gallons  per  min- 
ute. The  first  flowing  well  in  the  Falling  Creek  region  was  drilled 
ahout  the  year  1889.  The  horizon  tapped  was  at  a  depth  of  60  feet. 
The  water  in  some  of  these  wells  is  slightly  sulphurous.  In  wells  near 
Falling  Creek  Station  the  water  will  rise  about  6  to  15  feet  above  the 
surface. 

Assays  and  analyses  of  waters  from  this  county  are  given  elsewhere  in 
this  report,  as  follows :  Table  1,  pp.  498,  499,  assays  Nos.  109-113 ;  Table 
2,  pp.  506,  507,   analyses  Nos.  37,  38.    These  are  discussed  on  page  488. 

Artesian  Prospects.. — ^Abundant  supplies  of  potable  water  are  ob- 
tainable from  the  sand  strata  of  the  Peedee  and  Black  Creek  forma- 
tions, particularly  the  latter,  which  underlie  the  whole  county.  Flows 
are  possible  on  the  Chowan  terrace  plain  bordering  Neuse  River  and 
on  the  lowlands  along  the  tributaries  of  the  Neuse. 


COUNTY. 


Yield  per  minute. 


Flow —      Pump — 
gallons.  I    gallons. 


How 

obtained  at 

surface. 


Use. 


15 
10 
10 


19     

flows. 

1 
3     

flows. 

1 

pitcher 

2     

pump, 
flows.  • 

suction 

23    , 

pump, 
flows. 

1 
10     

flows. 

1 

pump, 
flows, 
flows. 

121  ' 

18     

1 

5     

flows. 

12     

flows. 

1 
11     

flows. 

25     

flows. 

1 

150  )     air  Uf  t.     I    city  supply. 


domestic, 
drinking, 
domestic, 
domestic. 

domestic, 
domestic, 
domestic. 


domestic, 
domestic, 
domestic, 
domestic, 
not  used. 


Geolode  horizon 

and  character  of 

water-beds. 


Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Peedee  formation? 

Black  Creek  formation. 

Black  Creek  formation? 

Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation: 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

micaceous  sand. 
Black  Creek  formation. 

Black  Creek  formation: 

sand. 
Black  Creek  formation; 

sand. 


'Remarks. 


Other  supplies  at  88-104  and  212- 
220  ft.  See  analysis  No.  38, 
table  2,  pp.  506,  507.  See  Sec. 
Bull.  U.  S.  G.'S.  208.  pp.  245- 
246.  There  are  three  similar  welb 
used. 


Decrease  from  6  to  2  gals,  per  min- 
ute.  See  water  assay  No.  110, 
Ublel,pp.498.499. 


Another  supply  at  25  ft.  Three 
other  similar  flowing  wells.  See 
water  assay  No.  113.  table  1, 
pp.  498.  499. 


No  water  obtained. 
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MARTIN    COUNTY. 

Topography. — Two  Pleistocene  terrace  plains  form  the  surface  over 
the  greater  part  of  this  county.  The  Chowan  plain  covers  much  of  the 
area  east  of  Sweetwater  Creek  which  enters  Roanoke  River  near  Wil- 
liamston;  its  elevations  range  from  about  30  to  about  40  feet.  The 
Wicomico  plain  spreads  over  all  the  area  to  the  west  of  Sweetwater 
Creek  at  elevations  ranging  from  60  to  90  feet.  The  two  terraces  are  sep- 
arated by  a  well-defined  sea-facing  scarp.  Both  are  somewhat  dissected 
by  stream  erosion.  The  Pamlico  plain,  the  youngest  and  lowest  of  the 
Pleistocene  terraces,  has  a  limited  development  along  Roanoke  River. 

Geology, — Miocene  deposits  consisting  of  beds  of  greenish  or  gray 
sands,  bluish-drab  clays,  and  shell  marls  underlie  the  entire  county 
beneath  a  thin  covering  of  Pleistocene  terrace  deposits.  In  the  ex- 
treme western  part  of  the  county  the  compact  sands  and  clays  of  the 
Patuxent  formation  underlie  the  Miocene  at  depths  of  about  80  to 
100  feet.  These  pass  coastward  unconformably  beneath  the  Miocene, 
becoming  deeper.  In  the  eastern  two-thirds  of  the  county  it  is  proba- 
ble that  beds  of  the  Cretaceous  Black  Creek  and  Peedee  formations 
intervene  between  the  Patuxent  and  Miocene  beds  at  depths  of  sev- 
eral hundred  feet  beneath  the  surface.  The  Patuxent  beds  rest  upon 
basement  rocks  which  are  estimated  to  lie  at  a  depth  of  600  feet  below 
the  surface  in  the  western  part  of  the  county,  and  at  about  1,400  feet 
in  the  eastern  part. 

Water  Resources. — The  inhabitants  of  this  county  obtain  an  abun- 
dant supply  of  water  for  domestic  use  from  shallow  open  and  driven 
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MOORE   COUNTY. 

Topography, — The  surface  of  this  county  is  made  up  of  rolling  hills. 
The  southeastern  portion  comes  within  the  well-known  sandhill  belt 
Avith  maximum  elevations  probably  exceeding  500  feet.  The  remainder 
is  within  the  Piedmont  region  and  presents  a  relief  peculiar  to  that 
region. 
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wells  10  to  20  feet  deep.  A  few  of  the  wells  are  driven  as  deep  as  30 
or  40  feet.  The  water  comes  from  the  lower  sandy  portions  of  the 
Pleistocene  formations  and  from  the  upper  sandy  beds  of  the  Miocene. 
At  Parmele  all  the  shallow  well  water  is  ferruginous.  At  Williamston 
three  large  open  wells,  approximately  8  or  10  feet  square  and  10  or  12 
feet  deep,  furnish  an  abundance  of  water  for  fire  protection.  At  Gold- 
point  and  Robersonville  a  few  families  obtain  water  from  springs. 

Few  deep  wells  have  been  drilled  in  the  county.  The  reader  is  re- 
ferred to  the  table  of  well  data  for  information  concerning  such  as 
have  been  reported. 

One  assay  of  a  water  from  this  county  is  given  in  Table  1,  pp.  498, 
499,  assay  N"o.  114.    This  is  discussed  on  page  489. 

Artesian  Prospects. — The  sandy  beds  of  the  Miocene  should  be  water- 
bearing in  all  parts  of  the  county,  although  the  few  attempts  to  obtain 
supplies  from  this  source  have  not  thus  far  been  very  successful.  In 
the  extreme  west  excellent  water  should  be  obtained  from  the  Pa- 
tuxent  formation  at  depths  exceeding  100  feet.  As  these  beds  pass  to 
greater  depths  eastward,  their  water  content  probably  becomes  some- 
what mineralized.  The  wells  at  Everetts  and  Robersonville  probably 
derive  their  supply  from  this  source.  In  the  eastern  two-thirds  of  the 
county,  where  the  Black  Creek  and  Peedee  beds  are  believed  to  inter- 
vene between  the  Patuxent  and  Miocene,  these,  if  present,  should  furnish 
potable  waters. 

Flowing  wells  are  believed  to  be  possible  in  the  lowlands  bordering 
Eoanoke  River  and  its  tributaries^  but  not  at  the  higher  terrace  levels. 
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Geology. — The  northwestern  half  of  the  county  lies  within  the  Pied- 
mont province,  although  remnants  of  sands  ^or  gravels  of  the  Lafayette 
may  flank  or  cap  some  of  the  hills.  Deposits  of  the  Coastal  Plain  cover 
the  southeastern  half  of  the  county,  but  these  rest  upon  basement 
rocks  whose  uneven  surface  lies  at  varying,  though  comparatively  shal- 
low, depths  beneath  the  surface.     The  Coastal  Plain  materials  consist 
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principally  of  gray,  arkosic,  cross-bedded  sands  and  drab  clays  of  the 
Patuxent  formation,  althougb  there  is  a  comparatively  thin  covering 
of  sands  and  gravels  of  the  Lafayette  capping  the  hills  and  mantling 
down  over  their  slopes. 

Water  Resources, — Over  the  Coastal  Plain  portion  of  the  county 
water  for  domestic  purposes  is  obtained  principally  from  open  dng 
wells  10  to  60  feet  in  depth.  A  few  driven  wells  are  in  use.  The 
source  is  in  part  the  sands  and  gravels  of  the  Lafayette'  formation,  and 
in  part  the  sands  of  the  underlying  Patuxent  formation.  Springs  are 
abundant,  and  where  convenient  to  dwellings  are  used  for  domestic  pur- 
poses. 

At  Pinehurst,  previous  to  1905,  the  hotels  at  that  place  were  fur- 
nished with  water  by  means  of  a  steam  pumping  plant  situated  near 
the  head  of  a  little  valley  near  the  hotel  buildings.  A  group  of  16  wells 
20  to  45  feet  in  depth  were  used,  the  supply  coming  from  Patuxent 
beds.  Analyses  showed  that  several  of  these  wells  had  become  polluted 
from  surface  sources,  and  it  became  necessary  to  look  elsewhere  for  a 
supply.  A  deep  well  was  drilled  near  the  plant.  An  8-inch  pipe  was 
sunk  through  the  Coastal  Plain  materials  (Patuxent  formation)  to 
the  surface  of  the  basement  crystalline  rocks  at  a  depth  of  197  feet,  and 
drilling  was  continued  in  the  rock  to  a  depth  of  730  feet.  An  abundant 
supply  of  water  was  obtained  which  was  said  to  come  from  a  crerice  in 
the  rock.  It  was  claimed  that  no  good  supply  was  encountered  in  the 
Coastal  Plain  materials  above  the  rock  surface. 

At  Aberdeen  there  are  a  number  of  wells  on  the  hill  slopes  ranging 
in  depth  from  50  to  70  feet  and  in  the  valley  ranging  from  20  to  30 
feet.    The  supply  is  amply  sufficient  for  domestic  purposes. 

A  waterworks  system  was  established  at  Pinebluff  in  1901.  The 
source  of  supply  is  a  spring  from  which  the  water  is  pumped  to  a 
20,000-gallon  tank  on  the  top  of  a  50-foot  tower  located  on  a  nearby 
hill.  The  pump  has  a  capacity  of  30  gallons  per  minute.  The  plant  is 
owned  by  R.  B.  Brown.  Wells  ranging  in  depth  from  30  to  60  feet  are 
in  common  use  at  Pinebluff,  and  the  water  is  said  to  be  satisfactory. 
There  are  many  springs  in  the  vicinity,  some  of  which  are  used. 

At  Southern  Pines  there  is  a  waterworks  system  owned  by  the  town. 
The  supply  is  obtained  from  10  wells,  each  about  45  feet  in  depth, 
located  on  ground  50  feet  lower  than  the  Seaboard  Air  Line  Railway 
track  at  the  station.  The  water  rises  within  17  feet  of  the  surface. 
It  is  pumped  to  a  GO,000-gallon  tank  located  on  a  hill  90  feet  above  the 
level  at  the  railway  station.  The  top  of  the  tank  is  80  feet  above  the 
surface  of  the  ground.  A  good  pressure  is  thus  obtained.  The  water 
horizon  here  is  in  the  Patuxent  formation.     Wells  have  been  drilled 


WATER  RESOURCES.  435 

in  other  parts  of  the  town  and  vicinity,  concerning  which  little  infor- 
mation has  been  obtained.  Owing  to  the  fact  that  a  rather  deep,  nar- 
row valley  lies  just  to  the  west  of  the  town,  the  water  table  lies  low  and 
but  little  artesian  pressure  is  developed;  it  is  necessary  to  use  buckets 
or  force  pumps  to  bring  the  water  to  the  surface. 

Assays  and  one  analysis  of  waters  from  this  county  are  given  else* 
where  in  this  report,  as  follows :  Table  1,  pp.  498,  49.9,  assays  Nos.  115, 
116;  Table  2,  pp.  506,  507,  analysis  !N'o.  39.  These  are  discussed  on 
page  489. 

Artesian  Prospects. — The  Patuxent  formation  offers  the  only  source 
of  deep-well  water  from  the  deposits  of  the  Coastal  Plain,  and  this 
only  in  the  southeastern  part  of  the  county.  The  water  may  be  ex- 
pected to  be  soft  and  of  excellent  quality  unless  the  well  is  located  in 
close  proximity  to  some  source  of  surface  pollution.  Owing  to  the 
rolling  and  hilly  character  of  the  surface,  the  level  of  the  water  table 
is  likely  to  be  low  in  the  hills,  and  therefore  the  water  as  a  rule  will 
not  rise  very  near  the  surface  in  the  case  of  wells  located  on  high 
ground.  It  is  possible  that  wells  located  on  low  ground  in  some  of  the 
deeper  valleys  might  furnish  flows. 

The  basement  rocks  underlying  the  deposits  of  the  Coastal  Plain 
may  be  looked  upon  as  a  possible  source  of  supply. 

NAfiH    COUNTY. 

Topography. — The  Sunderland  terrace  plain  of  the  Pleistocene,  with 
elevations  of  120  to  150  feet,  forms  the  surface  along  the  eastern  bor- 
der of  the  county,  with  reentrants  extending  for  some  distance  up  the 
streams.  A  small  area  of  the  next  lower  or  Wicomico  plain  is  present 
bordering  Tar  Eiver  on  its  north  side  below  the  Upper  Falls  at  Rocky 
Mount,  having  an  elevation  of  about  100  feet.  The  Coharie  plain  at 
elevations  of  190  to  230  fe^t  covers  a  belt  several  miles  wide,  running 
northeast  and  southwest  to  the  west  of  that  covered  bv  the  Sunderland 
plain.  To  the  west  of  the  Coharie  belt  the  surface  is  hilly,  the  topo- 
graphic features  resembling  those  of  the  Piedmont  region  rather  than 
those  of  the  Coastal  Plain. 

Geology. — Basement  rocks,  consisting  of  slates,  schists,  and  granites, 
occur  at  or  near  the  surface  over  the  greater  part  of  the  county.  About 
the  western  two-thirds  of  the  county  is  covered  to  greater  or  lesser  extent 
by  surficial  deposits  of  sandy  clays,  sands,  and  gravels  belonging  to 
the  Lafayette  formation  and  to  the  Coharie  formation,  which  rest 
directly  upon  basement  crystalline  rocks.  Along  the  eastern  border 
the  crystalline  surface  passes  beneath  overlapping  Miocene  beds.  The 
latter  are  covered  by  Pleistocene  terrace  deposits  consisting  of  coarse 
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sands  and  gravels  which  in  places  probably  overlap  upon  the  basement 
rocks.  These  belong  to  the  Sunderland  formation  and  to  a  very  lim- 
ited extent  to  the  Wicomico  formation. 

Water  Resources. — In  the  central,  and  western  parts  of  the  county 
open  wells  15  to  70  feet  deep  yield  a  supply  of  soft  water  which  comes 
from  the  Lafayette  and  Coharie  sands  and  gravels  or  from  the  porous, 
decomposed  portions  of  the  underlying  crystallines.  Along  the  eastern 
border  of  the  county,  where  the  deposits  of  the  Sunderland  formation 
form  the  surface,  open  and  driven  wells  furnish  an  abundant  supply 
at  depths  of  from  10  to  30  feet.  A  few  springs  are  used  in  the  hilly 
portions  of  the  county. 

Rocky  Mount,  which  lies  partly  in  Nash  and  partly  in  Edgecombe 
County,  has  a  public  water  system.  The  original  system  which  derived 
its  supply  from  a  small  stream  known  as  Stony  Creek,  4  miles  north- 
west o£  the  city,  was  installed  in  1898.  At  present  (spring  of  1909)  a 
new  pumping  station  is  being  erected  on  the  east  bank  of  Tar  Kiver 
just  west  of  the  city.  The  following  information  concerning  this  new 
plant  has  been  furnished  by  Mr.  A.  S.  Lyon,  Superintendent  of  Public 
Works :  The  pumping  capacity  is  to  be  4,000,000  gallons  per  day,  which 
is  to  be  effected  by  means  of  three  pumps,  one  of  2,500,000  gallons 
capacity,  and  the  other  two  of  750,000  gallons  capacity  each.  The 
plant  includes  a  coagulating  basin  of  200,000  gallons  capacity,  a  clear- 
water  basin  of  500,000  gallons  capacity,  and  a  pressure  filter  of 
2,000,000  gallons  capacity,  made  by  the  New  York  Continental  Jewel 
Filtration  Company.  The  standpipe  has  a  capacity  of  150,000  gal- 
lons. The  maximum  standpipe  pressure  is  47  pounds,  and  the  possi- 
ble direct  pressure  ranges  from  100  to  150  pounds  on  the  different 
parts  of  the  main.  The  number  of  miles  of  mains  will  be  14.2  and  the 
number  of  fire  hvdrants  92.  The  water  will  be  used  for  all  domestic 
purposes  and  by  "n^anufacturing  plants  and  Railroads  for  stean,ing  pur- 
poses.  The  old  plant  is  being  abandoned  because  its  capacity  for  meet- 
ing the  demand  made  upon  it  is  no  longer  adequate. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  498,  499, 
assays  'Nos.  117, 118.    These  are  discussed  on  page  489. 

Artesmn  Prospects. — The  Miocene  beds  along  the  eastern  border  of 
the  county  attain  no  great  thickness  and  are  not  very  important  as  an 
artesian  source,  although  potable  water  may  be  expected  from  them. 
The  imderlying  basement  rocks  may  be  regarded  as  a  possible,  though 
not  very  promising,  source  of  artesian  supplies. 

NEW    HANOVER    COUNTY. 

Topography. — ^o  topographic  maps  have  been  made  covering  areas 
within  the  limits  of  this  county,  and  but  little  data  indicating  eleva- 
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tions  are  available.  The  surface  is  formed  of  Pleistocene  terrace 
plains,  and  from  such  information  as  can  be  secured  the  greater  part 
of  the  surface  is  believed  to  lie  within  the  limits  of  the  Chowan  plain, 
with  elevations  ranging  from  about  30  to  about  50  feet  above  sea  level. 
Limited  areas  of  the  Pamlico  terrace  plain  not  exceeding  20  or  25  feet 
above  the  sea  are  present  along  the  coast  and  along  Cape  Fear  and 
Northeast  Cape  Fear  rivers.  It  is  possible  that  the  Wicomico  plain, 
with  elevations  of  60  to  70  feet,  extends  into  the  county  from  the  north- 
east. The  surface  has  been  somewhat  dissected  by  stream  erosion. 
Portions  of  the  surface  are  covered  with  low,  rolling  sandhills.  These 
are  believed  to  constitute  beach-sand  accumulations  which  were  de- 
posited by  the  retiring  sea  at  the  time  the  Chowan  plain,  due  to  an 
uplift  of  the  land,  was  emerging  from  the  sea.  These  sand  accumula- 
tions were  doubtless  shifted  by  the  wind  to  form  dunes  in  the  same  man- 
ner that  such  dunes  are  being  formed  at  the  present  time  in  many  places 
along  the  coast. 

At  a  distance  of  about  1%  miles  from  the  mainland  the  coast,  begin- 
ning at  its  northeastern  extremity  and  extending  to  Carolina  Beach, 
is  paralleled  by  a  series  of  beaches  and  banks  separated  by  narrow 
inlets.  The  sounds  between  these  banks  and  the  shore  are  being  rapidly 
filled  with  detritus  from  the  land. 

Geology, — The  deposits  of  this  county  jest  upon  a  deeply  buried 
surface  of  crystalline  rocks.  In  the  northern  part  of  the  county  this 
surface  is  believed  to  exist  at  a  depth  of  about  900  or  960  feet  below 
sea  level.  At  Wilmington  it  was  encountered  at  1,100  feet  below  sea 
level,  and  at  Fort  Caswell,  in  Brunswick  County,  which  is  near  the 
southern  extremity  of  New  Hanover  County,  at  about  1,530  feet  below 
the  same  datum. 

The  relative  positions  and  thickness  of  the  materials  of  different  ages 
making  up  the  overlying  formations  are  shown  in  the  graphic  section. 
Fig.  20,  which  is  constructed  along  a  line  running  lengthwise  of  the 
county  from  Castle  Hayne  to  the  southern  extremity  of  the  mainland. 
The  lower  400  feet  consist  of  marine  materials  of  Cretaceous  age, 
probably  referable  to  the  Black  Creek  formation.  Above  this  comes  a 
(maximum)  thickness  of  886  feet  of  gray  or  greenish-gray,  more  or  less 
calcareous  and  glauconitic  sands  and  marine  clays  belonging  to  the  Pee- 
dee  formation.  In  that  part  of  the  section  between  Castle  Hayne  and 
Wilmington  the  Peedee  beds  rise  about  to  sea  level,  their  upper  surface 
undulating  a  little  above  and  a  little  below  this  level.  Near  Wilming- 
ton their  surface  passes  below  sea  level,  gradually  becoming  deeper 
until  near  the  southern  extremity  of  the  mainland  of  the  county  its 
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depth  below  sea  level  is  about  260  feet.  The  thickness  at  Wilmington 
of  these  undoubted  Peedee  beda,  as  shown  by  the  record  of  the  deep 
well  at  Hilton  Park,  is  720  feet. 

Resting  unconformablj  upon  the  undulating  surface  of  the  Peedee 
formation  are  the  shell  limestones  and  calcareous  sands  of  the  Castle 
*  Hayne  formation  of  the  Eocene,  In  the  region  between  Castle  Hajne 
and  Wilmington  these  exist  as  shallow  basin  fillings  upon  the  Peedeo 
surface,  the  several  basins  probably  being  more  or  less  separated  from 
each  other.  South  of  Wilmington,  where  the  Peedee  surface  passes 
below  sea  level,  the  Eocene  beds,  possibly  representing  both  the  Castle 
Hayne  and  Trent  formations,  thicken  gradually  until  near  the  southern 
extremity  of  the  mainland  the  thickness  amounts  to  about  300  feet. 
They  also  thicken  to  the  east  of  Wilmington,  as  indicated  in  the  section 
from  Wilmington  to  Wrightsville  Beach.     (Fig.  31.) 
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Fio.  21. — Geologic  st-Ptlon  across  New  Hanover  County  from  Wilmington   to 
Wrlgliisvllle  Bi-uch,  N.  C. 

In  the  vicinily  of  Wilmington,  Miocene  shell  marls  rest  upon  the 
Castle  Hayne  limestone,  but  these  scein  to  be  present  merely  as  discon- 
nected sheets  a  few  feet  in  thickness.  But  little  is  known  of  their  dis- 
tribution over  the  remainder  of  (he  county.  Over  the  surface  of  all  the  ■ 
county  there  is  spread  a  surficial  covering  of  Pleistocene  terrace  de- 
posits, belonging  for  the  most  part  to  the  Chowan  formation,  but  in 
part  to  the  Pamlico  formation,  and  possibly  in  part  to  the  Wicomico 
formation. 
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Water  Resources. — An  abundant  supply  of  water  for  domestic  use 
may  be  obtained  at  many  places  from  the  basal  sandy  beds  of  the 
Pleistocene  deposits  at  depths  of  from  10  to  30  feet.  Near  dwellings, 
and  especially  in  a  city  as  large  as  Wilmington,  such  supplies  are  con- 
stantly liable  to  pollution  from  accumulations  of  various  kinds  of  decay- 
ing matter  on  the  surface,  and  should  not,  therefore,  be  used  for  do- 
mestic purposes  when  other  purer  supplies  are  available. 

The  waterworks  plant  at  Wilmington  is  owned  by  the  Clarendon 
Waterworks  Company.  The  supply  is  taken  from  Northeast  Cape 
Fear  River  at  Hilton  Park.  The  water  here  has  a  dark,  yellowish- 
brown  color,  due  to  its  organic  content,  and  it  also  carries  considerable 
solid  matter  in  suspension.  During  periods  of  protracted  dry  weather, 
when  the  amount  of  fresh  water  in  the  river  is  small,  or  during  times 
when  strong  winds  from  the  south  or  southwest  prevail  for  several  con- 
secutive days,  brackish  water  finds  its  way  up  the  Cape  Fear  estuary 
as  far  as  the  intake  at  the  waterworks.  This  condition  is  of  rare 
occurrence. 

The  dark  color  and  the  large  amount  of  suspended  matter  present 
render  the  water  in  its  natural  state  very  unsatisfactory  for  the  va- 
rious domestic  purposes,  and  for  many  years  there  was  C9nstant  and 
just  complaint  as  to  the  quality  of  the  water  supplied  to  the  patrons 
of  the  water  company.  In  response  to  the  public  demand  for  better 
water,  a  filtration  plant  was  installed  in  1907  which  is  designed  to 
remove  the  suspended  matter  and  by  chemical  treatment  to  remove 
the  coloring  matter.  The  water  is  pumped  to  a  concrete  sedimentation 
reservoir,  from  which  it  passes  by  gravity  to  the  filters  proper.  In 
its  passage  through  the  filters,  in  addition  to  mechanical  filtration,  it 
is  treated  clieniically  with  sulphate  of  alumina  and  soda  ash.  By  the 
chemical  treatment  the  color  which  in  the  original  water  ranged  from 
140  to  270  parts  per  million  is  reduced  to  from  20  to  50  parts.  After 
filtration  the  water  is  pumped  to  a  nearby  standpipe  for  distribution. 
The  plant  has  a  normal  capacity  of  2,000,000  gallons  and  a  maximum 
capacity  of  2,600,000  gallons  per  day.  As  to  its  efficiency  the  con- 
sulting engineer  of  the  company,  Mr.  George  0.  Whipple,  has  pro- 
nounced the  plant  a  success.  The  State  Board  of  Health  has  made 
monthly  examinations  of  the  filtered  water  and  has  pronounced  it  very 
potable. 

The  pumping  station  is  equipped  with  4  pumps  having  capacities 
respectively  of  2,500,000,  2,000,000,  1,500,000,  and  750,000  gallons  per 
day.  The  standpipe,  which  is  located  near  the  plant,  has  a  capacity  of 
211,000  gallons.  It  furnishes  a  pressure  of  50  pounds  per  square  inch. 
By  pumping  directly  into  the  mains  the  pressure  can  be  raised  to  115 
pounds.     There  are  16Vo  miles  of  water  mains.     For  the  various  do- 
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mestic,  sanitary,  and  manufacturing  purposes  these  have  been  tapped 
at  2,170  places.  The  estimated  consumption  for  manufacturing  pur- 
poses is  3  per  cent  of  the  total  amount  of  the  water  used.  There  are 
131  fire  plugs. 

In  recent  years,  and  particularly  within  the  last  8  or  10  years,  a 
large  number  of  deep  wells  have  been  drilled  within  the  county  limits, 
and  especially  within  the  limits  of  the  city  of  Wilmington.  Detailed 
information  concerning  a  considerable  number  of  these  wells  is  included 
in  the  table  of  well  data  given  below.  The  artesian  supplies  are  de- 
rived from 'the  more  porous  sandy  strata  of  the  Peedee  formation,  and 
along  the  coast  from  sand  layers  within  the  Eocene  limestones.  The 
artesian  waters  may  be  divided  into  two  major  classes:  first,  those  that 
are  highly  mineralized  and  that  are  so  salty  as  to  be  nonpotable  and 
undesirable  for  ordinary  purposes,  and,  second,  those  whose  mineral 
content  is  sufficiently  low  to  permit  of  their  use  for  domestic  and  manu- 
facturing purposes.  The  reader  is  referred  to  the  sections  (pp.  438, 
439)  where  the  approximate  line  of  separation  between  these  two  classes 
of  waters  is  indicated  by  dotted  lines. 

All  horizons  occurring  beneath  the  dotted  lines  furnish  water  of  a 
highly  salin^  character,  and  cannot  be  regarded  as  satisfactory 
sources  of  artesian  supply.  In  the  deep  well  of  the  Clarendon  Water- 
works Company  at  Hilton  Park,  Wilmington,  water  with  a  salty  taste, 
which  flowed  at  the  surface,  was  first  encountered  at  a  depth  of  379 
feet,  and  at  a  number  of  other  horizons  beneath  this,  almost  to  bed- 
rock, salty  flows  were  obtained.  (See  account  of  this  well  by  J.  A. 
Holmes,  Science,  new  ser.,  vol.  2,  1900,  pp.  128-130,  and  Journal 
Elisha  Mitchell  Sci.  Soc,  July-Dec,  1899,  pp.  67-70.  Also,  see  table 
of  well  data  below.  See  Plate  XLII,  A,  opposite  p.  480.)  At  Castle 
Hayne,  in  a  well  drilled  by  the  Carolina  Trucking  Development  Com- 
pany, nonflowing,  salty  waters  were  encountered  in  the  Peedee  forma- 
tion from  270  to  338  feet  and  similar  flowing,  salty  waters  from  338  to 
370  feet  below  the  surface.  At  Fort  Caswell,  Brunswick  County,  which 
is  but  a  few  miles  from  the  southern  extremity  of  !N"ew  Hanover  County, 
salty  water  was  encountered  at  365  feet,  and  none  but  highly  saline 
waters  were  obtained  below  this  depth  to  bedrock  at  1,540  feet.  X^ee 
Brunswick  County,  page  372.) 

Above  the  dotted  lines  in  the  sections  referred  to,  the  waters  are  in 
most  places  potable.  They  are  usually  slightly  hard  and  in  some  cases 
are  rather  high  in  mineral  content. 

At  Wilmington  the  principal  water  horizon  is  in  the  Peedee  forma- 
tion at  depths  of  between  30  and  75  feet  below  sea  level.  The  water 
comes  from  soft  sand  la  vers  which  alternate  with  layers  of  calcareous 
sandstone.     The  water  rises  but  a  few  feet  above  sea  level,  and  force 
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pumps'  are  required  to  bring  it  to  the  surface.  The  supply  from  this 
source  seems  to  be  very  abundant.  At  the  Wilmington  Steam  Laundry, 
owned  by  J.  T.  Harper,  this  water  is  used  for  laundry  purposes  without 
special  treatment.  A  considerable  niunber  of  wells  hare  been  drilled 
to  this  horizon  in  various  parts  of  the  city,  a  partial  list  of  which  is 
included  in  the  table  below.  Keports  seem  to  show  that  the  water  is  in 
the  main  satisfactory  for  domestic  and  for  most  manufacturing  pur- 
poses. In  the  opinion  of  the  writers,  the  horizon,  if  properly  devel- 
oped, could  be  used  as  a  source  of  city  supply. 

At  the  Delgado  Cotton  Mills,  1  mile  east  of  Wilmington,  a  Peedee 
horizon  is  tapped  by  10  or  12  wells  at  depths  of  90  to  100  feet.  Water 
of  good  quality  is  obtained. 

At  Winter  Park  Garden,  3  miles  east  of  the  city,  there  are  several 
wells  which  pass  through  Eocene  beds  and  enter  the  Peedee  beneath, 
but  it  is  not  certain  whether  the  principal  horizon  is  in  the  former  or 
the  latter.  The  water  obtained  is  rather  hard  and  ferruginous.  Sev- 
eral flowing  wells  furnishing  water  of  very  satisfactory  character  have 
been  drilled  near  Greenville  Sound,  and  samples  of  the  materials  were 
obtained  from  one  of  them.  (See  section,  p.  193.)  The  depth  of  th*- 
latter  was  170  feet  and  the  beds  passed  through,  from  35  feet  below 
the  surface  to  the  bottom,  appear  to  belong  to  the  Eocene.  Along  the 
coast,  therefore,  the  Eocene  appears  to  contain  water-bearine:  beds. 

A  flowing  well  at  Masonboro  Sound  is  believed  to  have  passed 
through  the  Eocene  beds  and  to  have  entered  the  upper  part  of  the 
Peedre  formation.  (See  section,  p.  168.)  Water  of  satisfaotrry  qualitv 
was  obtained. 

The  300-foot  well  of  Mrs.  Croft  near  Wright sville  undoubtedly  en- 
tors  Peedee  beds,  but  the  principal  water  liorizon  is  believed  to  be  in 
tlie  Eof»eiie  at  a  depth  of  about  -^5  f(^*t.     This  water  is  of  good  quality. 

Good  water  is  obtained  at   Wright svillo  Beach  from  two  wells  llK') 
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and  198  feet  deep,  respectively.  This  is  probably,  though  not  certainly, 
an  Eocene  horizon. 

At  Castle  Hayne  a  hard,  ferruginous,  and  unsatisfactory  water  was 
obtained  from  a  Peedee  horizon  at  a  depth  of  70  feet. 

Detailed  information  concerning  a  number  of  the  above-mentioned 
wells  is  given  below  in  the  table  of  well  data. 

Assays  and  analyses  of  waters  from  this  county  are  given  elsewhere 
in  this  report,  as  follows:  Table  1,  pp.  498-501,  assays  IN'os.  119-137; 
Table  2,  pp.  506,  507,  analyses  Nos.  40,  41.  These  are  discussed  on 
page  489. 

Artesian  Prospects. — The  principal  horizons  of  potable  artesian 
waters  within  the  limits  of  'New  Hanover  County  occur  in  beds  of  the 
Peedee  formation,  and  in  a  belt  several  miles  wide  bordering  the  coast  in 
overlying  Eocene  beds.  The  lower  limit  of  potable  waters  is  indicated 
approximately  in  the  sections  (pp.  438,  439)  by  dotted  lines.  At  greater 
depths  than  that  indicated  highly  saline  waters  may  be  expected  in  all 
parts  of  the  county.  At  lesser  depths,  usually  not  exceeding  200  feet, 
potable  and  in  many  places  excellent  waters  may  be  obtained.  There 
are  certain  exceptions,  however,  for  at  a  few  places  the  waters  ob- 
tained have  been  unsatisfactory  owing  to  their  high  content  of  cal- 
cium or  iron,  or  both,  as  in  the  well  of  W.  H.  Shearrin  at  Castle 
Hayne.  The  c6nditions  which  give  rise  to  these  exceptions  are  of 
local  extent,  and  thei-r  place  of  occurrence  can  only  be  determined 
by  drilling.  But  where  an  unsatisfactory  water  is  obtained  from  one 
horizon,  a  better  water  may  sometimes  be  secured  by  casing  this  off 
and  sinking  the  well  to  other  deeper  horizons.  In  the  belt  along  the 
coast  where  the  Eocene  beds  become  important  as  water-bearers  there 
seems  to  be' little  difference  between  the  water  obtained  from  them  and 
that  obtained  from  underlying  Peedee  horizons,  and  therefore  from 
an  economic  standpoint  there  is  no  need  of  discussing  them  separately. 

rOT'NTV. 


Yield  per  minute. 

How 
obtained  at 
Flow—      Pump —         surface, 
gallons.      gallons. 


Use. 


Geolotcic  horizon 

and  character  of 

water-beds. 


Remarks. 


strong 
flow. 


flows. 


hand  force         domestic, 
pump. 


Peedee  and  Black  Creek 
formations. 


Peedee  formation;  sand 
layers  in  rock. 


< 


NonflowlnK  horizonsat  SOand  90  ft., 
and  flowing  horiiona  at  379. 496, 
518,574,989,992, 1011  and  1019 
ft.  Lensths  and  sizes  of  casing: 
600'— 12*:  720'— 10*;  1020'— 
S*:  1109'— 6^  Granite  struck  at 
1109.  Seesecp.ieS.  See  analy- 
sis No.  40,  table  2,  pp.  506,  507. 


444 


THE  COASTAL  PLAIN  OF  NORTH  CABOLINA. 


Location. 


Owner. 


a 


3 

•a 

8 

8 

& 


NEW  HAXOVER 


I    1      S. 


!       o 


B 


>     I 


II 

I* 


a 

9 


5      5  2        ^  ^ 

5    5  dsej  i- 


3     Wilmington,  202  S.  Front     J.T.Harper 1906 

St..  at  Wilm.  Steam  Ldy. 

4"  Wilmington W.  E.  Worth  &  Co.  Ice  Fac-  1884 

tory. 


.do. 


6 


.do. 


.do. 


.do. 


7  '  Wilmington,  at  oil  mill ...    W.  E.  Worth 


15 

2i± 

8 
18 
30 


level.      58 


Zi    -15 


level.     101       12 

level. 

level. 


8     Wilmington,  near  cor.  Dock do -      6 

Wafa 


level. 


level. 


and  Water  sts. 

I 

g     Wilmington 


10  I  Wilmington ,  bet.  Wooster 

Que 


and  Queen  sts.,  S.  of 
Surry  St. 
Wilmington '  Independent  Ice  Factory...  - 1902      40? 


56 


175 


Wilmington  Iron  W*orks 

Van  Boklen  Property.  . 
and  Queen  sts.,  S.  of 
Surry  St.  « 

11 

12  -.-do 

I 
I 

13  Wilmington ,  near  cor.  Fif -     E.  L.  Halloway 1905      30? 

teentn  and  Market  sts.    , 

14  Wilmington,  Market  St.  bet.'  W.  A.  Wilson,  Jr. 1904      30? 

Tenth  and  Eleventh  sts.  : 

15  WUmlngton,  City  Hall. ...I  City :  1904      25?   «ea  level.      70        34       65 


.do. 


1895        7 
6 


level. 

I 

level, 
level. 


55       12 


79       12 


92  '    12 


62 


50? 


97  -iT 

50?  -4 

60  -14 

74  -23 


60       -5 


1904      40?   flea  level.     100 


level. 


42 


level.      45?       3} 


16 
17 


Wilmington,  Church  St.,       J.  T.  Harper, 
bet.  Front  and  Surry  ats. 


Wilmington,  \  mile  N.  of    ! 
Hilton  Park.  ' 


Angola  Lumber  Co.. 


18     Wilmington,  2-3  mileaE.  of 


19 


Wilmington,  1  mile  E.  of, 
near  trolley  line. 


20  Castle  Hay  no. 

21  ----do 


Carolina  Trucking  Develop- 1 

ment  Co. 

Delgado  Cotton  Mills 


W.  H.  Shearrin. 


1900  ,    40? 


level.      00 


I 
level. 


22  Winter  Park  Garden.  3 
I       iiiilos  E.  of  Wilminijton. 

23  L.--cio 

24  Maannbnrn  Sound,  7  or  8 

niilc-^  S.  K.  of  Wilmington. 

25  Grponvillf  Sound,  6  milrs      Thomas  F.  Baglcy. 

K.  of  WiliniriKiun.  near 
tracks  of  ('.L.andP.R.U. 

26  Greenville  Sound 


Carolina  Trucking  Develop-  , 
meat  Co. 

Henry  McMillan,  Wilming- 
ton, N.  C. 

Winter  Park  Garden  Co., 
Wilmin<?ton,  N.  C. 

W.  L.  Parsley 


..I  C.W.  Worth 


27  '  Th»>  Hiimmooks,  Wri^ht"?- 

villt>  Sound. 
2S     Wri«lft>ville  Beach  _ 


29  Wrichfsville  Reach,  at 

Lninina  Park. 

30  \Vriu,ht;^villc,  i  mile  W.  of 

P.  0. 


Consolidated  Railways  Light 

and  Power  Co. 
Tarry  more  Hotel 

Con-^olidated  Railways  Light 

and  Power  Co. 
Mrs.  G.M.  Croft • 


1904    about 
23. 
1906      25?   sea  level. 


1906  .  40?  sea  level. 

i  I 

1906  40?  sea  level. 

1906  6  sea  level. 

1906  6  sea  level. 

1904  '  8  sea  level., 

1905  5  sea  level. 

I 

1905  8  sea  level. 

1905  5  sea  level. 

1902  15  aea  level. 


70 
370 

140 
161 
187 
170 

182 
198 
195 
198 
390 


2\    belov 
120. 

Zh     152 


3   175 
3   172 

2    85 


—12 


70   —35? 

70  -or 

30   -1* 


40?   sea  level- 

98 

3 

94 

-4n« 

^1 
6     sea  level. 

60 

34 

57 

—  . 

30?   an  level. 

78 

3 

46 

-   4 

U   80  -  > 

35   65  — i: 

3?  -  2 

4J   90  -  1 


below  -  :* 
130. 


+  > 


172  ±   0 


—  4 

±   0 
— h 


I 


WATER  SESOUBCE8. 


445 


COUNTY— Continued. 
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NORTHAMPTON  COUNTY. 

Topography. — There  are  no  topographic  maps  covering  any  portion 
of  the  area  of  this  county.  A  few  field  observations  have  been  made, 
however,  and  some  data  have  been  obtained  from  railroad  elevations. 
The  Chowan  terrace  plain  of  the  Pleistocene  borders  Roanoke  River 
at  probable  elevations  of  50  to  60  feet.  This  plain  is  probably  present, 
also,  along  Meherrin  River.  The  next  higher  Pleistocene  plain,  the 
Wicomico,  is  believed  to  cover  a  considerable  area  in  the  east  and 
southeast  at  elevations  of  70  to  100  feet.  The  Sunderland  plain  cover? 
a  portion  of  the  northern  and  central  part  of  the  county  at  probable 
elevations  of  110  to  150  feet.  A  considerable  portion  of  the  narrow 
area  which  extends  westward  north  of  Roanoke  River  consists  of  rolling 
hills  with  elevations  probably  amounting  to  300  or  400  feet  above  sea 
level. 

Geology. — Basement  rocks  form  the  hills  in  the  western  part  of  the 
county.  They  are  mantled  over  in  part  by  discontinuous  patches  of 
sandy  clays,  sands,  and  gravels  of  the  Lafayette  formation.  The  im- 
even  rock  surface  dips  to  the  eastward  and  passes  beneath  the  deposit? 
of  the  Coastal  Plain.  In  the  eastern  part  of  the  county  beds  of  the 
Patuxent  formation,  consisting  principally  of  compact,  arkosic  sand? 
and  drab  clays,  rest  upon  the  rock  surface.  These  do  not  rise  more 
than  a  few  feet  above  water  level  in  Roanoke  River.  Miocene  beds 
coTisisting  of  sands,  clays,  and  shell  marls  rest  upon  the  Patuxent 
surface  and  overlap  westward  upon  the  basement  rocks,  and,  except  for 
a  portion  of  the  long,  narrow  strip  extending  westward,  underlie  the 
whole  county  beneath  the  thin,  surficial,  Pleistocene  terrace  deposit ^. 
The  latter,  consisting  of  sandy  loams,  sands,  and  gravels,  belong  to  the 
Coharie,  Sunderland,  Wicomico,  and  Chowan  formations. 

Water  Resources. — The  lower  sandy  portions  of  the  Pleistocene  for- 
mations and  the  upper  sandy  beds  of  the  Miocene  are  the  principal 
sources  of  water  for  domestic  purposes.  The  wells  range  in  depth  from 
10  to  50  feet,  the  average  for  driven  wells  being  about  30  feet  and  for 
dug  wells  about  15  feet.  A  few  wells  have  been  driven  as  deep  as  60 
to  80  foot,  which  have  obtained  a  sulphurous,  ferruginous  water  from 
the  Miocene  beds.  In  the  extreme  western  part  of  the  county,  in  the 
vicinity  of  Ingram  and  Vulture,  the  open  wells  range  in  depth  from 
10  to  80  feet.  The  water  comes  from  basement  rocks.  A  few  springs 
are  also  used  in  this  section. 

But  one  flowing  well  exists  in  the  county.  This  is  located  at  Mar- 
iG:arettsville  on  a  low  terrace  bordering,  a  tributary  of  the  Meherrin 
River.     The  flow  is  small.     The  reported  depth  of  the  well  is  163  feet. 
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Several  water-bearing  beds  were  encountered.  Several  other  deep  wells 
have  been  drilled  in  different  parts  of  the  county,  all  of  which  failed  to 
obtain  a  sufficient  supply  of  water.  At  Jackson  the  basement  rocks 
were  encountered  260  feet  below  the  surface.  At  140  feet  a  gravel  bed 
yielded  a  small  amount  of  water  which  rose  to  within  a  few  feet  of  the 
surface.  Shells  were  reported  in  this  well  at  depths  of  from  39  to  79 
feet. 

About  10  years  ago  two  attempts  to  obtain  artesian  water  were  made 
at  Rich  Square.  A  depth  of  160  feet  was  attained  in  the  deepest,  but  no 
water  was  found  below  40  feet  in  either  well. 

In  a  well  at  Garysburg,  at  the  plant  of  the  Garysburg  Manufactur- 
ing Company,  a  supply  of  water  is  obtained  at  a  depth  of  67  feet. 
The  casing  was  originally  driven  to  a  depth  of  140  feet,  but  failing  to 
obtain  a  supply,  it  was  wi-thdrawn  sufficiently  to  admit  the  water  from 
the  67-foot  horizon. 

Recently  two  deep  wells  have  been  drilled  at  Seaboard,  but  only 
small  amounts  of  water  were  obtained. 

Detailed  information  concerning  several  of  the  deep  wells  are  given  in 
the  table  below. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  500,  501, 
assays  N'os.  138,  139.    These  are  discussed  on  page  489. 

Artesicm  Prospects. — The  sandy  beds  of  the  Miocene  will  in  most 
places  furnish  a  good  supply  of  potable  water.  Owing  to  the  presence 
of  shells,  it  will  at  some  places  be  high  in  calcium  carbonate  and  there- 
fore hard;  in  some  localities  it  may  also  be  ferruginous.  The  more 
sandy,  porous  beds  of  the  Patuxent  formation  which  underlies  the  Mio- 
cene at  depths  about  on  a  level  with  the  water  in  Roanoke  River  in  the 
central  part  of  the  county,  and  becoming  deeper  to  the  eastward,  may  be 
expected  to  furnish  good  supplies.  Overflows  are  not  to  be  expected  ex- 
cept in  the  lower  lands  bordering  the  large  streams.  It  appears  that 
several  of  the  deeper  wells  have  been  abandoned,  not  because  of  failure 
to  obtain  water,  but  because  of  failure  to  obtain  flows  at  the  surface. 
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Topography, — On  account  of  the  lack  of  topographic  maps,  the  de 
tailed  relief  of  the  county  is  not  known.  Such  data  as  are  obtainable 
from  railroad  profiles  and  field  observations  seem  to  indicate  the  pres- 
ence, over  much  of  the  eastern  part  .of  the  county,  of  the  Chowan  ter- 
race plain  of  the  Pleistocene  at  elevations  of  30  to  40  feet,  and  over  at 
least  portions  of  the  western  part  of  the  county,  of  the  Wicomico  plaiu 
at  elevations  of  50  to  70  feet.  The  lowest  or  Pamlico  plain  is  probably 
present  to  a  very  limited  extent  along  the  coast  and  bordering  New 
Eiver. 

Geology. — The  geology  of  this  county  is  not  known  in  much  detail. 
Beneath  thin,  surficial.  Pleistocene  deposits  lies  a  light-colored,  porous, 
sandy,  shell  limestone  of  Eocene  age  which  outcrops  in  the  valley  of 
Xew  River  and  probably  underlies  the  whole  county.  This  has  been 
referred  to  the  Trent  formation.  Sinks  holding  small  lakes  have 
been  formed  in  the  valley  of  Xew  River  by  the  caving  in  of  caverns 
in  this  limestone.  At  some  depth,  perhaps  not  exceeding  200  feet  in 
the  western  part  of  the  county,  the  Eocene  limestone  is  underlain  by 
the  Peedee  formation.  In  places  thin  sheets  of  Miocene  shell  marl 
intervene  between  the  Eocene  surface  and  the  overlying  Pleistocene  de- 
posits. The  latter,  which  consist  of  sandy  loams,  sands,  and  clays,  be- 
long to  the  Wicomico,  Chowan,  and  Pamlico  formations. 

Water  Resources, — Shallow  open  and  driven  wells  are  in  use  through- 
out the  county.     These  range  in  depth  from  7  to  25  feet.     The  waier 
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from  the  surficial  Pleistocene  beds  is  usually  soft,  but  at  many  places 
the  wells  enter  the  underlying  shell  or  limestone  beds,  in  which  case 
the  water  is  hard  and  unsatisfactory  for  most  purposes. 

A  number  of  deep  wells  have  been  drilled  in  the  county.  Informa- 
tion concerning  a  few  of  these  is  included  in  the  table  given  below. 
With  the  exception  of  a  deep  well  at  Eichlands  (225  feet)  and  one  at 
Catharine  Lake  (210  feet),  which  may  possibly  enter  underlying  Pee- 
dee  beds,  all  obtain  their  supply  from  the  porous.  Eocene  limestone. 
Abundant  supplies  are  obtainable,  but  the  water  is  in  most  instances 
hard. 

Assays  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  follows :  Table  1,  pp.  500,  501,  assays  Nos.  140- 
145;  Table  2,  pp.  506,  507,  analysis  No.  42.  These  are  discussed  on 
page  489. 

Artesian  Prospects. — The  porous.  Eocene  limestone  rock,  which  un- 
derlies much  or  possibly  all  of  this  county,  is  the  principal  water- 
bearing terrane.  Large  supplies  may  be  expected.  In  the  north,  Peedee 
beds  will  be  penetrated  at  perhaps  200  feet  below  the  surface  and  may 
yield  a  potable  water.  Farther  east  in  the  vicinity  of  Jacksonville 
these  beds  lie  deeper,  probably  300  feet  or  more  below  the  surface,  and 
it  can  hardly  be  hoped  that  they  will  yield  a  better  water  than  that 
from  the  Eocene  beds.  At  depths  exceeding  400  or  500  feet  water 
from  the  Peedee  beds  is  apt  to  be  too  salty  for  ordinary  purposes. 
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in  the  western  part  of  the  county,  but  this  has  not  been  ascertained 
with  certainty.  It  is  probable  that  Eocene  beds  occur  beneath  the 
Miocene,  nowhere,  however,  rising  above  tide  level;  and  beneath  the 
Eocene,  in  turn,  at  still  greater  depths  are  beds  of  Cretaceous  age. 
The  strata  of  both  the  Cretaceous  and  Tertiary  dip  slightly  to  the  east- 
ward and  become  deeper  beneath  the  surface  in  that  direction.  Owing 
to  the  complete  covering  of  surficial  terrace  deposits,  there  are  few  if 
any  natural  outcrops  of  beds  of  pre-Pleistocene  age. 

Water  Resources. — In  the  higher  sandy  area  along  the  western  bor- 
der, soft  water  is  obtained  at  Arapahoe,  Grantsboro,  and  Prescott  by 
means  of  open  and  driven  wells  5  to  20  feet  in  depth.  (See  assay  No. 
146,  Table  1,  pp.  500,  501.)  Three  10-foot  driven  wells,  1^^  inches  in 
diameter,  at  Prescott,  drawinjg  from  these  sand  deposits  furnished  suffi- 
cient water  for  an  80  horse-power  boiler  at  a  shingle  mill. 

On  the  low  plain  which  covers  the  remainder  of  the  county  the  shal- 
low open  and  driven  wells  yield  very  unsatisfactory  water,  and  cisterns 
are  depended  upon  almost  entirely  as  a  source  of  supply.  If  these  wells 
are  sunk  deep  enough  to  obtain  a  permanent  supply,  they  penetrate  in 
most  instances  the  deposits  of  shell  marl  which  lie  within  a  few  feet 
of  the  surface,  the  water  from  which  is  hard.  Where  they  do  not  reach 
the  marl  the  water  is  soft,  but  as  a  rule  highly  colored  by  organic  mat- 
ter. The  open  wells  are  from  8  to  10  feet  in  depth,  while  the  driven 
wells  are  somewhat  deeper. 
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A  number  of  deep  wells  have  been  sunk  within  the  count j  limits. 
(See  table  of  well  data  below  for  partial  list.)  The  water  obtained  as 
a  rule  has  a  sulphurous  taste  and  odor.  Flowing  wells  are  obtained  in 
the  eastern  part  of  the  county  at  locations  where  the  mouth  of  the  well  is 
less  than  5  feet  above  sea  level.  In  the  case  of  wells  150  feet  or  more 
in  depth  it  is  probable  that  a  somewhat  higher  pressure  would  be  de- 
veloped, bringing  the  water  up  to  8  or  10  feet  above  sea  level. 

At  Bayboro  the  Banner  Lumber  Company  recently  drilled  a  4-inch 
well  to  a  depth  of  150  feet.  Wo  overflow  was  obtained,  but  the  well 
yielded  plenty  of  water  on  pumping.  This  mill  has  two  or  three  smaller 
wells  60  to  70  feet  in  depth.  A  52-foot  well  near  the  courthouse  yields 
a  plentiful  supply  of  hard  water  with  a  disagreeable  taste.  (See  Assay 
147,  Table  2.)  A  47-foot  well  situated  on  low  land  near  the  town  is  re- 
ported tq  overflow  12  inches  above  the  surface.  At  Stonewall  slight 
overflows  are  obtained  in  the  lowlands  at  depths  of  40  to  50  feet.  Two 
wells,  each  167  feet  deep,  at  Arapahoe  yielded  sulphurous  water,  but  no 
overflows.  In  Eeelsboro  two  wells  have  been  sunk,  136  and  160  feet  in 
depth,  respectively.  These  furnished  sulphurous  water,  rising  nearly  to 
the  surface.  Several  years  ago  the  John  L.  Koper  Lumber  Company 
drilled  a  160-foot  well  at  Oriental  and  obtained  a  flow.  The  well  was 
abandoned  because  of  the  hard  and  sulphurous  nature  of  the  water, 
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PASQUOTANK   COUNTY. 

Topography, — The  surface  of  this  county  is  low  and  nearly  level, 
and  lies  entirely  within  the  lowest  or  Pamlico  plain  of  the  Pleistocene. 
A  portion  of  the  Dismal  Swamp  is  included  within  the  county  limits. 
In  the  extreme  northwest  the  surface  slightly  exceeds  20  feet  above  sea 


WATER  EESOUBCES. 


453 


which  rendered  it  unfit  for  boiler  or  domestic  use.  Very  small  flows 
are  reported  at  Oriental  from  wells  25  to  30  feet  in  depth.  The  water 
is  slightly  hard  and  ferruginous.  Several  wells  50  to  80  feet  in  depth 
have  been  driven  at  Vandemere.  The  well  of  the  Pamlico  Lumber 
Company,  located  in  the  creek  channel  where  tke  water  is  about  10 
feet  deep,  yielded  a  strong  flow  at  a  depth  of  50  or  60  feet,  the  top  of 
the  pipe  being  2  feet  above  the  river  level.  The  flow  is  reported  to  vary 
with  the  level  of  the  water  in  the  river  and  to  increase  with  a  north- 
east wind.  Another  well  at  an  oyster  cannery,  driven  to  a  depth  of 
100  feet,  furnished  a  very  hard  sulphurous  water,  and  was  therefore 
abandoned.  Two  of  the  strongest  flowing  wells  in  the  county  have  been 
obtained  in  the  extreme  northeast  near  Hobucken.  The  water  is 
strongly  sulphurous. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  500,  501, 
assays  INos.  146-152.    These  are  discussed  on  page  490. 

Artesian  Prospects, — In  all  parts  of  the  county  water  can  be  obtained 
at  depths  of  from  50  to  200  feet  or  more.  Except  in  the  higher  area 
in  the  west,  the  water  will  rise  nearly  to  the  surface,  and  where  the 
surface  is  less  than  5  or  6  feet  above  sea  level  will  overflow.  The  flows 
in  most  cases  will  be  small.  At  depths  exceeding  350  or  400  feet  salty 
water  is  apt  to  be  encountered. 
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sand. 


other  horlions  at  60  and  120  ft. 


Other  horiions  at  37  and  62  ft. 


level.     Towards  the  southeast  it  gradually  becomes  lower,  until  along 
Albemarle  Sound  it  is  only  about  5  feet  above  the  sea. 

Geology, — Fine  sands  and  sandy  loams  of  the  Pamlico  formation 
form  the  surface  materials  over  the  entire  county.  These  conceal  beds 
of  sand,  clay,  and  shell  marl,  probably  for  the  most  part  of  Pleisto- 
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At  the  Ward  Brick  Yard  a  well  was  drilled  to  a  depth  of  326  feet, 
but  after  passing  through  the  surface  soil,  nothing  but  blue  clay  was 
encountered  to  the  bottom  and  no  water  was  found. 

ft 

In  the  western  part  of  the  county,  near  Parkville  (P.  O.  Canaan), 
a  2-inch  "^ell  was  drilled  in  1903  to  a  depth  of  616  feet  on  the  farm  of 
Mr.  T.  G.  Skinner.  Water  was  found  at  depths  of  14,  36,  60,  and  260 
feet.  Below  about  300  feet,  however,  only  very  salty  water  was  en- 
countered, which  rose  nearly  to  the  surface. 

Artesian  Prospects, — Owing  to  the  high  content  of  lime  in  the  Ter- 
tiary beds  which  make  up  the  materials  for  several  hundred  feet  be- 
neath the  surface,  water  from  these  horizons  will  in  most  cases  be  hard. 
It  will  also  be  sulphurous  and  ferruginous  in  many  cases.  At  depths 
exceeding  300  or  350  feet  the  water  will  be  too  salty  for  ordinary  uses. 
Overflows  are  possible  only  on  lowlands  less  than  10  feet  above  sea 
level. 

PENDER   COUNTY. 

Topography, — Owing  to  the  lack  of  topographic  maps,  the  surface 
features  of  the  county  are  but  imperfectly  known.  Eailroad  elevations, 
however,  seem  to  indicate  the  presence,  over  the  greater  part  of  the 
county,  of  the  Wicomico  terrace  plain  of  the  Pleistocene  at  elevations 
of  50  to  perhaps  70  feet  above  sea  level.  Cape  Fear,  Northeast  Cape 
Pear,  and  Black  rivers  are  bordered  by  the  next  lower  or  Chowan  plain 
at  elevations  of  30  to  40  feet,  and  this  plain  may  cover  limited  areas 
in  the  southeastern  part  of  the  county.  The  lowest  or  Pamlico  plain 
is  probably  developed  to  a  limited  extent  along  the  rivers  mentioned, 
at  elevations  not  exceeding  20  or  25  feet.  A  portion  of  Great  Angola 
Bay  or  Pocoson  (swamp)  lies  to  the  north  of  Holly  Shelter  Creek, 
while  to  the  south  of  this  creek  a  vast  stretch  of  country  is  covered  by 
Holly  Shelter  Swamp. 

Geology. — The  entire  county  is  underlain  by  beds  of  Cretaceous  age, 
consisting  of  marine  sands,  clays,  and  marls.  In  the  extreme  western 
part  of  the  county  these  belong  to  the  Black  Creek  formation.  The 
beds  dip  to  the  southeastward  and  pass  beneath  the  Peedee  formation, 
also  of  Cretaceous  age.  Depressions  or  basins  in  the  upper  undulating 
Cretaceous  surface,  which  are  more  or  less  disconnected,  are  filled  with 
Eocene  limestones.  Over  this  Cretaceous-Eocene  surface  occur  thin 
sheets  of  Miocene  sands  and  clays,  which,  however,  are  not  continuous, 
but  whose  extent  is  imperfectly  known.  All  older  formations  are  cov- 
ered over  and  concealed,  except  very  locally,  by  Pleistocene  sands,  loams, 
and  clays  of  the  Wicomico,  Chowan,  and  Pamlico  formations. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  500,  501, 
assays  "Nos,  153-155.    These  are  discussed  on  page  490. 
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Water  Resources, — The  Pleistocene  deposits  covering  the  surface  of 
the  county  yield  from  their  basal  sandy  layers  moderate  supplies  of 
soft  water.  It  is  obtained  by  means  of  open  dug  wells  or  driven  weUs 
which  seldom  exceed  15  or  20  feet  in  depth.  This  source  probably 
furnishes  the  larger  part  of  the  water  used  for  domestic  purposes. 

Some  deep  wells  have  been  drilled  in  the  county,  and  information 
has  been  received  regarding  a  number  of  them.  The  reader  is  referred 
to  the  table  of  well  data  given  below  for  detailed  information. 

Artesian  Prospects. — The  Cretaceous  deposits  belonging  in  part  to 
the  Black  Creek  formation  which  outcrops  in  the  western  part  of  the 
county  and  dip  gently  to  the  eastward,  and  in  part  to  the  Peedee  for- 
mation which  overlies  the  Black  Creek  in  the  eastern  half  of  the  county, 
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1  WilUrd J.M.Johnson about     tea  level. 

51. 

2  Willard,  1  mile  S.  of Angola  Lumber  Co 1903    about     na  level 

05. 

3  Willanl.l  mile  from....    E.M.Johnson 1900       15  level  of 

crock. 

4  Atkinson,  4  miles  W.  of,    Ed.  Sellers about       6         level  of 

at  store.  1895.  Black  River. 

5  Olga.  2J  miles  E. of W.M.Corbett 25± 

6  Watha Fitshugh  Lumber  Co 1903  '  00        sea  level. 

7  Burgaw Burgaw  Manufacturing        1903      57        sea  level. 

I  Co. 

8  St.  Helena.  2i  miles  S.  Carolina  Truckins  Devel-     1900      45db     sea  level. 

of  BurRSw.  opment  Co.,  Wilmington 

9  Rocky  Point J.  L.Casteen 1897      40    I    sea  level. 

10    do J.C.Jones 1900      44        sea  level. 

PEBQUIMANS  COUNTY. 

Topography. — With  the  exception  of  a  narrow  strip  in  the  north- 
west, a  broad  and  but  very  slightly  dissected  plain  with  elevations 
scarcely  exceeding  20  feet  above  sea  level  spreads  over  the  entire 
county.  This  forms  a  part  of  the  Pamlico  plain,  which  is  the  lowest 
of  the  Pleistocene  terraces.  Along  a  distance  of  about  9  miles  in  the 
northwestern  part  of  the  county  the  next  higher  or  Chowan  plain  is 
present  as  a  narrow  strip  about  a  mile  wide  with  elevations  slightJv 
exceeding  50  feet. 

Geology. — The  surface  materials  over  the  entire  county  are  of  Plei>- 
tocene  age.  They  consist  of  fine  sands,  sandy  loams,  and  clays  belong- 
ing to  the  Chowan  and  Pamlico  formations.  These  are  underlain  at 
shallow  depths  by  sands,  clays,  and  shell  marls  which  are  probably  m 
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contain  lenses  and  layers  of  rather  loose  sand  which  should  furnish 
supplies  of  potable  water.  In  some  instances  the  water  derived  from 
these  sources  will  be  hard,  owing  to  the  solution  of  lime  from  shells,  in 
some  of  the  beds.  Practically  all  over  the  county  salty  water  is  apt  to 
be  encountered  at  depths  exceeding  300  or  400  feet  below  the  surface. 

At  Kocky  Point  and  in  the  immediately  surrounding  region  porous 
Eocene  limestone  is  encountered  at  a  depth  of  about  50  feet,  which 
yields  a  hard  water.  Eocene  limestone  is  believed  to  underlie  a  strip 
of  country  about  10  miles  or  more  in  width  bordering  the  coast  on  the 
southeast,  and  although  few  wells  have  been  drilled  here  and  no  infor- 
mation is  at  hand  concerning  them,  it  is  probable  that  potable  water 
may  be  obtained  from  them. 

COUNTY. 


Yield  per  minute. 

How 
obtained  at 
Flow—      Pump —  ,      Burfaoe. 
gallons,      gallons. 


Use. 


Geologic  horiion 

and  clutracter  of 

water-beds. 


Remarks. 


hand  pump.  domestic. 

10    steam  pump,  drinking  and 

boiler. 

pitcher  domestic. 

pump.      ' 

I    flows.  domestic. 

,  domestic. 

I 

25    steam  pump.  boiler. 

25    steam  pump.  boiler. 

good        force  pump. ;  domestic, 
supply. 

10    hand  pump.  domestic. 

, hand  pump.  domestic. 


Black  Creek  formation; 

sand. 
Black  Creek  formation; 
shell-rock,  hard  and  soft. 
Black  Creek  formation; 

sand. 
Black  Creek  formation. 

Black  Creek  formation; 
sand. 

Peedee  formation;  shell- 
rock? 

Peedee  formation;  fine 
sand. 

Peedee  formation;  sand. 

Eocene;  sand. 
Eocene;  limestone. 


See  water  assay  Na  155.  table  1, 
pp.  500, 501. 


See  water  assay  No.  153,  table  1, 
pp.  500.  501. 


Another  horiaon  at  40  ft. 
Several  other  horiaons. 
Another  horiion  at  46  ft. 


part  of  Miocene  and  possibly  in  part  of  Pliocene  and  of  Pleistocene  age. 
The  former  are  believed  to  immediately  underlie  the  terrace  covering 
in  the  west.  They  dip  gently  eastward  and  probably  pass  beneath 
Pliocene  and  Pleistocene  beds  which  are  thought  to  immediately  un- 
derlie the  eastern  part  of  the  county.  Pre-Pleistocene  beds  are  not 
known  to  outcrop  at  the  surface.  At  considerable  depths,  perhaps  600 
to  800  feet  beneath  the  surface,  Cretaceous  beds  would  probably  be 
encountered. 

Water  Resources, — Over  most  of  this  county  the  water  is  obtained 
by  means  of  open  and  driven  wells  8  to  30  feet  in  depth  from  the  lower 
sandy  portions  of  the  Pleistocene  deposits  or  from  sandy  beds  in  the 
upper  part  df  the  Miocene  or  Pliocene  beds.  Cisterns  are  used  to  some 
extent  in  Belvidere  and  Burgess.     At  Belvidere  one  family  obtains  its 
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sands  and  clays,  and  in  part  of  marine  sands  and  clays,  rest  upon  the 
southeastward  dipping  Patuxent  beds.  They  rise  to  a  maximum  ob- 
served height  of  26  feet  above  water  level  at  Blue  Banks  Landing  on 
Tar  River.  In  a  belt  to  the  southeast  of  the  latter  the  Peedee  forma- 
tion, consisting  of  marine  greensands  and  clays,  is  present,  resting 
conformably  upon  the  Black  Creek  beds.  The  Peedee  beds  dip  gently 
to  the  eastward  beneath  overlying  Miocene  beds.  Over  the  eastern 
half  of  the  county  the  latter  are  the  only  pre-Pleistocene  beds  which 
appear  above  water  level.  These  Miocene  beds  overlap  and  spread 
westward  entirely  across  the  county,  resting  upon  the  beveled  edges  of 
the  Cretaceous  formations.  Thin,  surficial,  ^Pleistocene  terrace  deposits, 
consisting  of  gravels,  sands,  loams,  and  clays,  spread  over  the  surface 
of  the  county  and,  except  locally,  conceal  all  older  formations.  These 
are  referred  to  the  Simderland,  Wicomico,  Chowan,  and  Pamlico  for- 
mations. 

Water  Resources. — The  principal  water  supplies  for  the  county  as  a 
whole  are  obtained  from  open  and  driven  wells  ranging  in  depth  from 
5  to  30  or  40  feet  or  in  a  few  instances  to  60  feet.  These  shallow  wells 
derive  their  supplies  as  a  rule  from  the  basal  sandy  and  gravelly  beds  of 
the  Pleistocene  formations,  although  some  penetrate  water-bearing 
sands  in  the  underlying  Miocene. 

Greenville  has  a  system  of  waterworks  deriving  its  supply  from  the 
Tar  River  near  the  city.  The  water  is  filtered,  pumped  to  a  standpipe, 
and  delivered  by  gravity.  A  domestic  pressure  of  45  pounds  and  a  fire 
pressure  of  145  pounds  is  obtainable.  The  use  of  this  supply  by  the 
inhabitants  is  rapidly  increasing. 

A  number  of  deep  wells  have  been  drilled  in  the  county.  The  table 
contains  -information  concerning  some  of  these.  Additional  informa- 
tion is  given  in  the  notes  which  follow. 

Several  deep  wells  have  been  drilled  at  Greenville.  Two  wells  at 
the  Greenville  Ice  Factory,  each  167  feet  in  depth,  when  pumped 
together  yield  40  gallons  per  minute.  Pumping  at  this  rate  has  been 
continued  for  two  months  at  a  time  with  no  diminution  in  the  supply. 
At  Cox's  distillerv  on  the  banks  of  the  Tar  River,  about  one-fourth  mile 
above  the  pumping  station,  are  several  flowing  wells.  Three  of  these,  the 
depths  of  which  range  from  100  to  115  feet,  are  connected  by  means  of 
pipes  and  flow  at  the  rate  of  75  gallons  per  minute  about  5  feet  above 
the  river  level.  A  small  flow  was  also  encountered  at  40  feet  in  these 
wells.  The  town  had  several  wells  drilled  several  yefers  ago,  but  they  are 
not  now  in  use.  They  obtained  a  good  supply  of  water  at  a  depth  of  75 
feet. 

The  Imperial  Tobacco  Company  has  two  60-foot  wells  and  five 
30-foot  wells,  all  pumped  together.     The  shallower  wells  are  said  to  be 
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inexhaustible  with  a  small  Worthington  steam  pump.  A  12-hour  test 
was  made  on  the  seven  wells  with  a  st^am  pump  having  a  capacity  of 
25  gallons  per  minute.  The  level  of  the  water  was  not  perceptibly 
lowered.  They  are  now  being  pumped  at  the  rate  of  about  20  gallons 
per  minute.    The  water  gives  a  slight  red  scale  in  boilers. 

At  Grimesland  several  wells  have  been  sunk  to  depths  of  from  40  to 
240  feet,  the  water  rising  to  within  15  feet  of  the  surface. 

The  A.  G.  Cox  Manufacturing  Company  at  Winterville  obtains  it? 
water  supply  from  a  33-foot  driven  well  which  penetrates  Peedee  beds. 
The  water  is  ferruginous,  but  is  reported  to  scale  but  little.  This  well 
is  pumped  10  hours  a  day, at  the  rate  of  5%  gallons  per  minute. 

On  the  farm  of  G.  W.  Cox,  6  miles  east  of  Ayden,  on  land  the  eleva- 
tion of  which  is  between  20  and  30  feet  above  sea  level,  a  well  driven 
to  a  depth  of  16  feet  yielded  a  flow  of  about  2  gallons  per  minute. 

In  the  town  of  Grifton  deep  wells  80  to  126  feet  deep  and  from  1^4 
to  5  inches  in  diameter  are  used.  There  are  about  fifteen  deep  wells  in 
all,  of  which  the  town  owns  eight.  The  water  rises  to  within  a  few  feet 
of  the  surface.  The  first  well  was  drilled  about  1896.  The  water 
comes  from  limestone  layers  in  the  Peedee  beds. 

At  Bruce  a  water  highly  impregnated  with  iron  and  sulphur  was 
found  at  a  depth  of  85  feet  in  the  Black  Creek  formation.    The  springs 
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10    Greenville Greenville  loe  Factory.  _ 


1905 


about 
40. 

about 
40. 


1905      67 


1906 


11     Greenville,  at  Hooker's 


Kin. 


12     Greenville,  Cox's  dis- 
tillery. 


O.Hooker about 

1901. 
....do 1906 


13 

.  .do 

do 

14 

...do 

do 

15   . 

...do 

do 

1906 
1906 
1903 


about 

60r 
about 

40. 
about 

70. 

72 

45db 
60 

5 

5 

5 

5 


sea 
sea 


eea 

sea 


J 


I    ! 


i'^S 


level..    100 


!  150 

levehl  65 

220 

level.  114 

level.  150 

lerel.{  140 

level.  63 

level  157 

level.  156 

level.  101 

level.  106 

level.  114 

level.  40 


U 

u 


n 

2 

4* 
3 
2 
2 
2 


114 


5  .(SSJ    =H 


level-l    240     U? -12 


65    -5 


-IS 
-15? 
+  5 
+  5 
+  5 
+  1 
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issuing  from  the  Black  Creek  formation  at  the  foot  of  the  escarpment 
bordering  Tar  River  at  this  place  are  reported  to  be  both  sulphurous 
and  ferruginous. 

Assays  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  follows:  Table  1,  pp.  600-503,  assays  Nos.  156- 
162;  Table  2,  pp.  506,  507,  analysis  Xo.  43.  These  are  discussed  on 
page  490. 

Artesian  Prospects. — Over  the  entire  county  the  Miocene  beds  offer 
a  source  of  artesian  supply.  Water  from  this  source  will  in  most  cases 
be  potable,  but  on  account  of  the  presence. of  shell  marl  is  apt  to  be 
hard.  Water  from  the  Peedee  beds  which  underlie  the  Miocene  is  also 
apt  to  be  hard  for  the  same  reason'.  The  Black  Creek  beds  along  the 
belt  where  they  appear  above  water  level,  and  for  some  distance  to  the 
eastward  of  where  they  pass  under  the  Peedee  formation,  should  fur- 
nish abundant  supplies  of  water,  in  most  cases  potable,  but  in  places 
rather  high  in  iron  salts.  The  Patuxent  beds  in  the  western  part  of  the 
county  at  depths  of  80  to  100  feet,  or  more,  and  for  several  miles 
eastward  of  where  they  pass  under  the  Black  Creek  formation  at  increas- 
ingly greater  depths  should  furnish  supplies  of  soft  water  of  excellent 
quality.  Flowing  wells  can  be  expected  only  in  the  lowlands  bordering 
the  streams. 


COTJXTY 


Yield  per  minute. 


Flow- 
gallons. 


How 
obtained  at 
Pump —  ;     gurfaoe. 
gaQons. 


Use. 


25 

abundant 
supply. 

25 

25 

40      I  steam  pump. 


rotary 
pump, 
flows. 


flows, 
flows, 
flows. 


boiler  and 

mfg.  of  ice. 

boiler. 

mfg.  of 
beverages. 

mfg.  of 
beverages. 

mfg.  of 
beverages. 


1                   ..                 . 

,      pump.           domestic. 

1 

._ pump.            domestic. 

1 

' 

"""*""""*  ----------  ----------- -I ------------ -- 

1 

Geologic  horizon 

andcharaeter  of 

water-beds. 


Ifiocene. 

Miocene? 

Peedee  formation. 

Peedee  formation;  gravel? 

Peedee  formation. 

Peedee  formation. 

Miocene? 

Black  Creek  formation? 

Peedee  formation. 
Black  Creek  formation? 
Black  Creek  forniation? 
Black  Creek  formation. 
Black  Creek  formation. 
Black  Creek  formation. 
Peedee  formation. 


Remarks. 


Three  other  wells.  40  to  100  ft.  in 
depth. 


Another  similar  well,  the  two 
pumped  together.    See  water 
ly  No.  157,  table  l.pp.  500.501. 


Another  horison  at  40  ft.  See  water 
assay  No.  1 58,  table  1 ,  pp.  500. 501. 

Another  horison  at  40  ft.  See  water 
assay  No.  158,  Uble  1 .  pp.  500, 50 1 . 

Another  horison  at  40  ft.  See  water 
ly  No.  158,  table  l,pp.500.501. 
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J 
i 


Location. 


Oirner. 


a 

8 


16  GreenTillet  Cox's  dle- 

Ullery. 

17  Greenville 


O.Hooker 

American  Tobaooo  Co.. 


18  do Imperial  Tobaooo  Go. 

19  '  Farmville C.L.Barrett 

20   do John  Flana^ 


1903 
1902 

1901 


21 


.do. 


.do. 


22  Bniee,  ImileS.  W.of..   R.R.  Gotten. 

23  .  Grifton W.G.Garria. 


1902 
1906 


6 

60 

60 
75 

'about 
80. 

about 
80. 
82 

30 


PITT 

S  '1 

■|    s :      ji 

III  ^1--  P 

level.      40     1*   +  1 

level.      74     4        65-70    -22! 

level.  60  4             60-10 

level.  65     li            65  

level.  80    -.. 

level.  90   

leivel  86  4             70    -lo 

level.  100  li          100    -10! 


BICHMOND  COUNTY. 

Topography, — ^Rolling  sandhills  form  the  surface  over  the  southeast- 
ern or  Coastal  Plain  portion  of  this  county,  the  elevations  ranging 
from  about  225  to  over  400  feet  above  sea  level. 

Geology. — ^Basement  rocks  come  to  the  surface  over  the  northwestern 
part  of  the  county,  being  mantled  over  in  part,  however,  by  surficial, 
sandy  clays,  sands,  and  gravels  of  the  Lafayette  formation.  To  the 
southeast  the  surface  of  these  rocks  passes  beneath  the  arkosic  sands 
and  drab,  compact  clays  of  the  Patuxent  formation.  The  latter  proba- 
bly attains  a  thickness  of  200  to  300  feet  along  the  southeastern  border. 
The  very  uneven  eroded  surface  of  the  Patuxent  formation  is  mantled 
over  more  or  less  discontinuously  with  a  surficial  covering  of  sands  and 
gravels  of  the  Lafayette  formation. 

Water  Resources. — In  the  eastern  half  of  the  county  open  and  driven 
wells  15  to  100  feet  in  depth  yield  abundant  supplies  of  water  from  the 
Lafayette  or  underlying  Patuxent  beds.  Water  from  the  well  of  E.  A. 
Lackey  at  Hamlet,  Assay  163,  Table  1,  pp.  502,  603,  is  probably  derived 
from  the  Patuxent  formation.  In  the  central  and  western  parts  open 
Avells  predominate,  the  depths  ranging  from  25  to  100  feet,  many  of  the 
wells  entering  the  basement  rocks.  Springs  are  abundant  over  the  entire 
county  and  are  much  in  use. 

ft 

The  deepest  well  in  the  county  is.  that  owned  by  W.  R.  Bonsai  at 
Hamlet.  The  diameter  is  6  inches  and  the  depth  426  feet.  Crystalline 
rock  was  entered  at  200  feet  and  water  was  struck  at  420  feet,  presuma- 
bly in  a  crevice.  The  water  rises  to  within  60  feet  of  the  surface.  It  is 
lifted  by  means  of  a  windmill. 
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COUNTY— Continued. 


Tieldpez 

minute. 

How 

obtained  at 

surface. 

Use. 

Flow-  ! 
gftUons. 

Pump — 
gallons. 

Geologic  horison 

and  waracter  of 

water-beds. 

• 

flows, 
steam  pump. 

steam  pump, 
foroe  pump. 

Feedee  formation. 

50+ 
25+ 

boiler. 

boiler, 
stock. 

Miocene?  or  Peedee  for- 

mation. 
Miocene?  or  Peedee  for- 

mation. 
Miocene?  fine  micaceous 

sand. 
Black  Creek  formation? 

« 

Black  Creek  formation? 

' 

•25 

pump, 
band  pump. 

not  used, 
domestic. 

Black  Creek  formation: 

r 

1 

white  sand. 

Feedee  formation;  sand 

and  rock. 

Remarlcs. 


Three  similar  wells.  Another  hori- 
son at  12-18  ft.  See  water  assay 
No.  160,  table  1,  pp.  502, 503. 

Two  similar  wells  15  ft.  apart. 

See  water  assay  No.  156,  table  1, 
pp.  502, 503. 


Too  highly  mineralised  for  use. 

I  OtherhorisonsatlSandeOft.    See 
'      water  assay  No.   161,  table   1, 
pp.  502. 503. 


At  Hamlet  Mr.  E.  A.  Lackey  owns  a  small  system  of  waterworks. 
The  water  comes  from  several  driven  wells  30  feet  in  depth,  and  is 
raised  to  a  16,000-gallon  tank  situated  on  a  hill  nearby.  There  are 
about  40  taps  and  8,000  feet  of  main  line.  The  water  is  very  soft. 
Other  wells  at  this  place  have  a  depth  of  60  to  100  feet. 

Artesian  Prospects, — The  rock  surface  underlying  the  Coastal  Plain 
materials  is  very  irregular,  and  it  would  be  impossible  to  say  at  what 
depth  it  would  be  encountered  in  drilling  at  any  given  locality.  Along 
the  southeastern  border,  however,  it  will  in  most  places  be  200  to  300 
feet  below  the  surface,  and  here  the  overlying  Patuxent  beds  should 
furnish  abundant  supplies  of  excellent  water.  Flowing  wells  are  not 
to  be  expected  in  the  county,  although  the  water  will  usually  rise  within 
reach  of  ordinary  pumps.  The  underlying  crystalline  rocks  are  to  be 
regarded  as  a  possible  source  of  artesian  supply,  but  the  probability 
of  getting  water  at  any  given  place  depends  upon  local  underground 
conditions  which  cannot  as  a  rule  be  determined  by  surface  observations. 


ROBESON    COUNTY. 

Topography, — INTo  topographic  maps  have  been  made  of  any  part  of 
this  county.  However,  elevations  obtained  from  railroad  profiles,  to- 
gether with  a  few  field  observations,  seem  to  indicate  that  the  surface 
over  the  greater  part  of  the  county  is  formed  of  two  Pleistocene  ter- 
race plains,  namely,  the  Coharie  and  Sunderland  plains.  The  former 
covers  about  the  northwestern  half  of  the  county  at  elevations  of  about 
160  to  220  feet.  The  latter  covers  most  of  the  remainder  of  the 
county,  at  elevations  of  about  120  to  150  feet. 
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Geology. — The  Patuxent  formation,  consisting  of  arkosic  sands  and 
drab  clays,  is  believed  to  underlie  about  the  northwestern  third  of  the 
county.  The  beds  of  this  formation  dip  gently  to  the  southeast  and 
pass  beneath  the  overlying  Black  Creek  formation.  The  latter  under- 
lies all  the  remaining  area,  with  the  possible  exception  of  a  narrow  strip 
along  the  southeastern  border,  where  the  Peedee  formation  may  be  pres- 
ent, resting  conformably  upon  the  Black  Creek  formation.  Thin  sheets 
of  Miocene  sands,  clays,  and  shell  marls  probably  occupying  discon- 
nected areas  occur  resting  upon  the  Black  Creek  or  Peedee  beds  over 
about  the  southern  half  of  the  countv.  Over  all  older  formations  is 
spread  a  blanket  of  sandy  clays,  sands,  and  gravels,  of  Pleistocene  age, 
belonging  for  the  most  part  to  the  Coharie  and  Sunderland  formations, 
but  in  the  narrow,  lower  terraces  bordering  the  larger  streams,  to  the 
Wicomico  formation. 

Water  Resources. — Over  the  greater  part  of  the  county  the  inhabit- 
ants depend  upon  the  basal  sandy  and  gravelly  beds  of  the  Pleistocene 
formations  for  their  chief  supply  of  water  for  ordinary  purposes.  The 
common  method  of  obtaining  water  is  by  means  of  shallow,  open  or 
driven  wells  ranging  in  depth  from  10  to  30  feet.  In  a  number  of 
communities  the  people  are  beginning  to  recognize  the  value  of  the 
underlying  Black  Creek  and  Patuxent  beds  as  sources  of  artesian 
water,  and  numerous  wells  have  been  drilled  into  them,  to  depths  rang- 
ing from  40  to  225  feet.  The  communities  where  deep  wells  are  most 
numerous  are  Red  Springs,  Fairmont,  Raynham,  and  Lumberton.  Par- 
tial lists  of  the  wells  from  these  and  a  few  other  places  are  included  in 
the  table  given  below.    See  Plates  XL  and  XLI. 

At  Lumberton,  the  county-seat,  a  number  of  wells  have  been  drilled, 
and  on  low  ground  near  Lumber  River  some  excellent  flows  have  been 
obtained.  But  little  detailed  information  has  been  secured  concerning 
individual  wells.  The  following  general  information  has  been  fur- 
nished by  the  mayor,  Mr.  E.  K.  Proctor,  Jr. : 

Several  wells  were  sunk  in  1896,  the  depths  ranging  from  82  to  114 
feet.  The  first  was  located  on  the  bank  of  Lumber  River  at  about  low- 
water  level,  and  about  32  feet  below  the  level  of  the  courthouse  square. 
A  flow  of  about  100  gallons  per  minute  was  obtained  through  a  2-inch 
pipe.  This  would  rise  about  22  feet  above  low-water  level.  Since  this 
well  was  drilled  a  number  of  others  have  been  sunk  within  the  town 
limits,  located  on  ground  lower  than  the  general  level,  which  flow  from 
5  to  35  gallons  per  minute.  One  well  was  drilled  by  the  town  to  a 
depth  of  400  feet,*  but  the  water  was  found  to  rise  no  higher  than  in 
the  wells  mentioned  above,  and  in  quality  it  was  not  as  satisfactory. 


c  ptirposea  to  Che  collon  mill  employees. 


tologtcal  and  i'conom(o  Survey. 
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At  the  Xational  Cotton  Mills,  located  1^/4  miles  west  of  Lumbertoiiy 
on  a  terrace  plain  bordering  Lumber  River,  believed  to  be  the  Wicomico 
plain,  there  are  15  flowing  wells.  These  were  drilled  in  1906.  They 
are  located  convenient  to  the  dwellings  of  the  cotton  mill  employees. 
The  depth  of  each  is  about  100  feet;  the  diameter  of  each  is  1^/4 
inches;  the  average  flow  is  8  or  9  gallons  per  minute.  The  water  is 
slightly  ferruginous,  but  is  satisfactory.  It  is  used  for  domestic  pur- 
poses only.    See  Plate  XL,  B. 

At  Fairmont  and  the  surrpunding  region  a  large  number  of  flowing 
wells  have  been  obtained  at  depths  ranging  from  55  to  225  feet.  The 
water  from  some  of  these  is  ferruginous. 

At  and  near  Raynham  there  are  a  number  of  wells  ranging  in  depth 
from  35  to  110  feet,  some  of  which  flow  at  the  surface. 

At  Red  Springs  and  in  the  immediate  vicinity  there  are  a  number 
of  flowing  wells  with  depths  ranging  from  40  to  100  feet..  The  water 
is  high  in  iron  and  yields  a  red  precipitate  upon  exposure  to  the  air. 
Springs  high  in  iron  and  yielding  a  red  iron  precipitate  existed  here 
before  the  wells  were  sunk.  The  town  was  named  from  these  springs. 
The  water  is  regarded  as  having  medicinal  properties,  which  has  led 
to  the  establishment  of  a  health  resort.    See  Plate  XLT,  B. 

A  number  of  other  wells  have  been  drilled  in  various  parts  of  the 
county  from  35  to  100  feet  in  depth. 

Assays  and  analyses  of  waters  from  this  county  are  given  elsewhere 
in  this  report,  as  follows:  Table  1,  pp.  502,  503,  assays  Xos.  164-167; 
Table  2,  pp.  506,  507,  analyses  Xos.  44-49.  These  are  discussed  on 
page  490. 

Artesian  Prospects. — Over  about  the  northwestern  one-half  of  the 
county  water  of  excellent  quality,  though  in  some  cases  a  little  high  in 
iron,  may  be  obtained  at  various  depths  beneath  the  surface  down  to 
several  hundred  feet  from  beds  of  the  Patuxent  formation.  In  many 
places,  usually  on  ground  somewhat  lower  than  the  general  surface, 
flowing  wells  are  possible.  Over  the  southeastern  half  of  the  county 
the  Black  Creek  beds  furnish  the  water  horizons.  Excellent  water  is 
to  be  expected  in  these  beds,  also,  although  in  some  cases  the  content  of 
iron  salts  is  apt  to  be  high.  Flows  are  possible  in  many  places,  more 
especially  on  low  ground  along  the  streams. 
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ROBESOX 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 


Location. 


Owner. 


I 


d 


f 


a     (5 


Fairaunt. 
....do.... 


...do.... 
...do.... 


G.  Ashley iaO±  Ma  level.  155 

W.C.Brown 130±  aca level.  170 

J.B.Brown 1900     130±  sea  level.  150 

J.P.Brown 1905  ,  130±  sea  level.  210 


12  ....do. 

13  McDonalds 

14  Kingsdale 

15  Bellamy,  J  mile  W.  of 

16  Lumberton 

17  ....do 

1 8  Lumberton,  8  miles  N.  of. . 

19  Red  Springs,  4  miles  S.  of . 

20  RedSpringB 

21  .-..do 

22  -...do 


F.M.Townsend,  McDonalds,   1906 

N.C. 
J.  L.Townsend 1898 

Southern  Sawmills  and  

Lumber  Co. 
L.  J.  Cottiogham  Lumber       1905 

Co. 
A.E.White 1904 


W.  A.  Yost. 


1903 


D.  B.  Humphrey,  Parkton.     1905 
N.C. 

Mrs.  J.  Amanda  Brown about 

1897. 
B.W.Townaend 1890 


S.  R.  Townsend. 


1902 


160± 
150d: 
120±8ea 
194±  sea 
120d:!iea 
120±  sea 
160±  sea 
170d:  sea 
200dr  sea 
200i:  aea 


u 
u 


....do C.B.Thompwn 1905  130±  sea  level..  180  U 

....do F.H.Pittman 1903  130±  sea  level.  212  2 

...do C.S.McKinate 1902  130±  sea  level.  57J  l{ 

Fairmont.  1-a  miles  E.  of..   J.  H.  Pitman 1905  130±  sea  level.  225  U 

Fairmont,  2  miles  N.  of . . .    Lewis  Pitman 1904  130±  sea  level.  180  U 

Raynham RaynhamGinCo 1905  160±  sea  level  110  2 

Raynham,  ImileW.of...   L.  R  Hamer 1897?  160i:  wa  level.  100  2 


level.  110  U 

level.  100  2 

level.  100  10 

level.  151  4 

level.  121  2 

level.  100  2 

level.  50  2 

level.  lOOi:  27 

level  90  2 

level.  75  2 


txo. 


155 


150 
210 


110 
100 
100 
141 
100 
100 
50 


3% 


i  ah  -^ 


+  0 
+  12? 
+  0 
+  0 


180  +2 

200  +2 

57i  +10 

225  +8 

180  +2 

110  —8 

100  +2 


90 
75 


—  6 
+  2 
-18 
-0 
_0 

-  3 
+  «i 
+  0 
+  12 
+  3 


J.L.McMillan 1906     180±  sea  level.     40       U 


40       +3 


SAMPSON    COUNTY. 

Topographj/. — The  north-central  part  of  the  county  is  covered  by 
topographic  maps  of  the  U.  S.  Geological  Survey.  These,  together 
with  railroad  elevations,  show  that  the  highest  and  oldest  Pleistocene 
terrace  plain,  the  Coharie,  forms  the  surface  over  most  of  the  northern 
three-fourths  of  the  county,  at  elevations  of  160  to  215  feet.  The  next 
lower  or  Sunderland  plain  is  believed  to  cover  considerable  areas  to  the 
south  of  Clinton.  The  Wicomico  plain  covers  much  of  the  southern 
end  of  the  cou^nty,  the  elevations  probably  ranging  from  about  60  to 
90  feet;  while  the  Chowan  plain,  the  lowest  plain  present  in  the 
county,  borders  Black  and  South  rivers  for  some  distance  above  their 
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COUNTY. 


Ylflid  per  mtnute. 


How 
obtained  at 
Flow —      Pump —        surface. 
gaUona.  >    gallons. 


Use. 


Qeologlo  horison 

and  cnaracter  of 

water-beds. 


Benutflci. 


small. 
6 


5 

g 

12 
3 


8 


6? 
20 
30 


good 
supply. 


flows, 
flows, 
flows, 
flows. 

flom. 

flows. 

flows. 

flows. 

flows. 

steam 

engine. 

flows. 


12  '  band  pump, 
flows, 
steam  jet. 
force  pump. 


150 


gasoline 
engine. 
6    force  pump. 


flows, 
flows, 
flows, 
flows. 

flows. 


domeitic. 
domestic, 
domestic, 
domestic* 

domefltlc. 

drinking  and 

bottling  works. 

domestic. 

domestic. 

domestic. 

boiler. 

domestic  and 

stock. 

• 

domestic. 

domestic. 

boiler. 

domestic. 

domestic  and 

bottling  works. 

domestic. 

domestic. 

domestic. 

domestic  and 
medicinal. 

domestic  and 
medicinal. 

drinking. 


Black  Creek  formation; 

sand. 
Black  Creek  formation: 

sand. 
Black  Creek  formation; 

sand. 
Black  Greek  formation; 

sand. 

•Black  Creek  formation; 

sand. 
Black  Creek  formation: 

gravel. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

gravel  and  sand. 
Black  Creek  formation; 

gravel  and  sand. 
Black  Creek  formation; 

sand. 

Black  Creek  formation; 

sand  and  gravel. 

Black  Creek  formation; 

coarse  white  sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand  and  gravel. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Black  Creek  formation; 

sand. 
Patuzent  formation. 

Fatuxent  formation; 

sand. 

Fatuxent  formation; 

gravel. 

Fatuxent  formation; 
sand. 


Other  horisons  at  45  and  70  ft. 
Another  horison  at  100  ft. 

Well  in  house,  water  pumped  into 
tank  by  hydrauUo  ram.  Other 
horisons  at  14, 100,  and  165  ft. 

Another  horison  at  75  to  125  ft. 

Other  horisons  at  80  and  140  ft. 
Another  horison  at  47  ft. 
Other  horixons  at  80  and  125  ft. 


Other  horisons  at  20  and  80  ft. 
Supplies  50  h.  D.  boiler. 

Another  well  12  ft.  higher  on  hill  is 
115  ft.  deep,  and  water  rises 
within  8  ft.  of  top. 

Several  horisons;  marl  bed  pene- 
trated at  60  ft. 


Other  horisons  at  24  and  55  ft. 


There  are  a  number  of  flowing 
wells  at  Lumberton.  Other  hori- 
sons at  24  and  55  ft.     See  text 
above. 
Has  another  well  similar  to  this. 


Has  several  wells  20^Ift.  deep, 
and  several  75  ft.  deep.  Another 
horison  at  25  ft. 

Another  horison  at  20  ft. 


junction,  at  elevations  of  30  to  perhaps  40  or  50  feet.  The  Chowan 
plain  is  separated  from  the  Wicomico  plain  by  a  well-defined  scarp. 
The  terrace  plains  are  all  more  or  less  dissected  by  streams. 

Geology, — The  Patnxent  formation,  consisting  of  a'rkosic  sands  and 
drab,  compact  clays,  is  believed  to  underlie  a  strip  a  few  miles  wide  in 
the  extreme  northwest.  It  passes  to  the  southeast  unconformably  be- 
neath the  Black  Creek  formation.  The  beds  of  the  latter  formation, 
consisting  of  laminated,  lignitic  sands  and  clays  with  interbedded,  ma- 
rine beds  in  the  upper  part,  underlie  the  remainder  of  the  county. 
Pleistocene  sandy  clays,  sands,  and  gravels  form  a  surficial  covering 
over  all  older  formations.  They  are  referred  to  the  Coharie,  Sun- 
derland, Wicomico,"  and  Chowan  formations.     Kerr  has  mapped  both 
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Eocene  and  Miocene  beds  within  the  limits  of  the  county,  and  it  is 
probable  that  they  exist  in  places  as  thin  sheets  intervening  between 
the  Cretaceous  and  the  overlying  Pleistocene  beds.  [N'othing  definite, 
however,  is  known  concerning  them. 

Water  Resources, — The  average  depth  of  the  open  and  driven  wells 
is  from  20  to  30  feet  The  former  range  from  10  to  20  feet  and  the 
latter  in  but  few  cases  exceed  30  feet.  The  water  comes  from  the 
lower  sandy  portions  of  the  Pleistocene  formations.  It  is  upon  these 
shallow  open  and  driven  wells  that  the  majority  of  the  inhabitants  of 
the  county  depend  for  their  water  supplies.  A  few  driven  wells  in  the 
northwestern  part  of  the  county  reach  depths  of  40  or  50  feet,  probably 
penetrating  the  underlying  Patuxent  beds.  Small  springs  are  frequent 
along  the  stream  bluffs  and  escarpments;  but  little  use  is  made  of  them. 

At  a  few  places  where  the  Black  Creek  formation  lies  close  to  the 
surface,  open  wells  have  penetrated  its  lignitic  portions,  which  as  a 
rule  contain  iron  sulphide.  In  such  cases  the  water  standing  in  con- 
tact with  the  iron  sulphide  soon  becomes  unfit  for  drinking  purposes. 
This  condition  exists  at  Clear  Run,  but  there  the  difficult v  has  been 
overcome  by  deeper  drilling. 

Deep  wells  have  been  drilled  at  a  number  of  places  in  the  county. 
(See  table  of  well  data.)  At  Clear  Run,  on  a  terrace  bordering  Black 
River,  an  abundant  supply  of  soft  water  (see  analysis.  Table  2)  is  ob- 
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tained  from  sand  beds  in  the  Black  Creek  formation  at  from  70  to  120 
feet  below  the  surface.  Three  of  the  deep  wells  at  this  place  overflow, 
the  strongest  at  the  rate  of  8  gallons  per  minute.  At  Ivanhoe  a  flow- 
ing well  70  feet  deep  yields  a  ferruginous  water  (see  assay,  Table  1) 
from  a  calcareous  layer  in  the  upper  part  of  the  Black  Creek  forma- 
tion. At  Alpine  flows  are  obtained  at  depths  of  80  to  100  feet.  There 
is  one  flowing  well  at  Delta.  At  Thomas  several  wells  yield  water 
from  the  Black  Creek  formation. 

Flows  probably  from  the  Patuxent  formation  occur  at  Shady  Grove 
and  Newton  Grove.  The  elevation  of  these  places  is  about  150  feet 
above  sea  level.  The  water  is  reported  to  contain  considerable  iron, 
and  in  some  cases  a  slight  odor  of  hydrogen  sulphide  is  detected. 

Assays  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  follows :  Table  1,  pp.  502,  503,  assays  Nos.  168- 
174;  Table  2,  pp.  506,  507,  analysis  N^o.  50.  These  are  discussed  on 
page  490. 

Artesian  Prospects. — The  Patuxent  and  Black  Creek  formations 
wshould  yield  an  abundant  supply  of  water  over  the  entire  county  at 
depths  ranging  from  40  to  300  feet.  Overflows  are  possible  only  in 
the  lowlands  bordering  the  streams.  On  the  higher  level  land  away 
from  the  streams  the  same  water-bearing  horizons  will  be  encountered 
at  correspondingly  greater  depths,  the  water  in  most  cases  rising  within 
reach  of  common  suction  pumps. 
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Remarks. 


See  water  assay  Xo.  172,  table  1, 

pp.  502, 503. 
See  water  assay  No.  168,  table  1, 

pp.  502,  503. 


See  water  araay  No.  109,  table  1, 
pp.  502,  503. 


See  water  assay  No.  174,  table  1, 

pp.  502. 508. 
See  water  assay  No.  173.  toble  1. 

pp.  502,  503. 
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SCOTLAND   COUNTY. 

Topography. — 'No  topographic  maps  have  been  made  of  any  portion 
of  this  county.  Eailroad  elevations,  supplemented  by  field  observations, 
seem  to  indicate  that  the  surface  over  the  southeastern  half  of  the 
county  is  formed  of  the  highest  and  oldest  Pleistocene  terrace  plain, 
the  Ooharie  plain,  at  elevations  of  perhaps  180  to  220  feet.  Over  the 
remainder  of  the  county  the  surface  is  made  up  of  rolling  hills,  being 
within  the  sandhill  belt,  with  elevations  of  perhaps  230  to  400  or  500 
feet.  On  the  Coharie  and  Sunderland  plains  the  streams  have  made 
but  shallow  incisions. 

Geology. — The  entire  county  is  underlain  by  beds  of  the  Patuxent 
formation  which  consist  of  compact  arkosic  sands  and  light  drab  days. 
This  formation  rests  upon  basal  crystalline  rocks  at  depths  of  200  to 
400  feet  below  the  surface.  Over  the  southeastern  half  of  the  countv 
the  Patuxent  beds  are  overlain  by  a  surficial  covering  of  Pleistocene 
sandy  clays,  sands,  and  gravels  of  the  Coharie  formation,  and  over  the 
northwestern  half  in  the  sandhill  area  by  discontinuous  patches  of 
sandy  clays,  sands,  and  gravels  of  the  Lafayette  formation. 

Water  Resources. — The  Lafayette  and  Pleistocene  formations  fur- 
nish the  greater  part  of  the  water  supply  which  is  obtained  by  means 
of  open  and  driven  wells  10  to  30  feet  in  depth.  A  few  wells  have 
been  driven  to  depths  of  from  60  to  90  feet  and  in  these  the  water 
comes  from  the  underlying  Patuxent  formation.  Water  from  the 
Patuxent  beds  may  in  places  contain  iron  salts.  There  are  no  deep 
drilled  wells  in  the  county.  At  Laurinburg,  in  a  well  at  Mr.  ShaVs 
residence,  a  slight  flow  is  reported  to  have  been  obtained  at  a  depth 
of  90  feet,  but  this  appears  not  to  have  been  utilized. 
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COUNTY— CONTINTJED. 
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How 
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Flow —      Pump —        surface, 
gallons,      gallons. 
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Remarks. 
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Black  Creek  formation; 

land. 
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'  sand. 


Another  horiion  at  15  ft. 

Other  horifons  at  1M6,  23, 44  and 
67  ft. 


Artesian  Prospects, — ^Abundant  supplies  of  very  soft  water  may  be 
obtained  from  the  Patuxent  formation  over  the  entire  county  at  depths 
of  from  60  to  300  feet.  No  assurance  can  be  given  that,  when  the 
water-bearing  beds  are  tapped,  the  water  will  overflow,  although  it 
may  do  so  at  the  lower  levels  along  the  streams.  The  most  that  can 
be  expected  is  that  the  water  will  rise  near  enough  to  the  surface  to 
come  within  reach  of  ordinary  pumps. 

TYRRELL    COUNTY. 

Topography. — The  surface  of  this  county  is  very  low  and  almost 
level,  perhaps  nowhere  exceeding  12  feet  above  sea  level.  It  forms  a 
part  of  the  Pamlico  terrace  plain,  which  is  the  lowest  of  the  Pleistocene 
terraces.  The  central  and  southern  part  of  the  county  constitutes  a  vast 
stretch  of  almost  continuous  swamp. 

Geology. — ^Where  the  surface  is  not  swampy  the  materials  consist  of 
fine  sands,  sandy  loams,  and  clays,  which  are  referred  to  the  Pamlico 
formation.  Beneath  these  are  sands,  clays,  and  shell  marls,  probably  in 
part  of  Pleistocene,  in  part  of  Pliocene,  and  in  part  of  Miocene  age. 
These  are  not  known  to  outcrop  at  the  surface  within  the  county 
limits. 

Water  Resources. — The  inhabitants  of  this  county  depend  in  the 
main  upon  cisterns  for  their  water  supply.  Many  open  wells  8  to  15 
feet  in  depth  are  in  use,  however.  The  water  from  these  is  soft,  but 
on  account  of  the  large  content  of  organic  matter  is  very  unsatisfac- 
tory for  household  use.  In  many  places  beds  of  black  mud  occur  in 
the  Pleistocene  deposits,  and  in  open  or  driven  wells  penetrating  these 
only  nonpotable  waters  are  obtained. 
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Water  from  depths  exceeding  15  or  20  feet  is  as  a  rule  hard  and 
ferruginous.  The  hardness  is  due  to  the  common  occurrence  of  shell 
beds  in  the  underlying  strata.  For  this  reason  but  few  deep  wells  are 
in  use.  Several  years  ago  at  a  mill  at  Alligator  a  well  was  drilled  to 
a  depth  of  160  feet.  Very  little  information  is  obtainable  regarding  it. 
According  to. one  account,  no  water  was  obtained  below  16  feet,  but 
according  to  another  some  water  was  encountered,  but  was  of  a  very  un- 
satisfactory character.  The  casing  was  pulled  up  and  the  well  aban- 
doned. At  this  place  no  wells  are  in  use  at  the  present  time,  the  water 
being  taken  from  the  river  and  distilled  at  the  mill  for  boiler  and 
domestic  purposes.  Wells  have  been  drilled  at  Fort  Landing  and 
Columbia  to  depths  of  48  and  61  feet  respectively,  but  information 
concerning  them  is  lacking. 

In  the  summer  of  1904  a  deep  well  was  drilled  at  Columbia  for  Mr. 
F.  L.  W.  Cahoons.  At  a  depth  of  348  feet,  water  of  a  very  saline 
character  was  encountered.  Two  or  three  water-bearing  horizons,  one 
of  which  was  at  a  depth  of  180  feet,  were  passed  through  before  salty 
water  was  reached,  and  the  water  from  these  rose  to  within  2  feet  of 
the  surface.  The  water  from  these  upper  horizons  is  reported  to  have 
been  good. 

One  assay  of  a  water  from  this  county  is  given  in  Table  1,  pp.  502, 
503,  assay  ^o.  175.    This  is  discussed  on  page  491. 

Artesian  Prospects, — The  porous  sand  beds  of  the  underlying  Pleis- 
tocene, Pliocene,  and  Miocene  deposits  should  yield  an  abundance  of 
water.  Owing  to  the  presence  of  beds  of  shell  marl,  the  waters  are 
likely  to  be  hard.  At  depths  exceeding  300  or  400  feet  salty  water  will 
probably  be  encountered  in  all  parts  of  the  county.  It  is  doubtful  if 
flowing  wells  yielding  potable  waters  are  possible. 

WASHINGTON    COUNTY. 

Topography. — The  surface  over  the  eastern  half  of  this  county  is 
formed  of  the  lowest  and  youngest  Pleistocene  terrace  plain,  the  Pam- 
lico plain,  with  elevations  scarcely  exceeding  15  feet  above  sea  level. 
Much  of  this  area  is  swampy.  The  Chowan  plain  covers  a  portion  of 
tlio  western  half  of  the  county,  but  the  data  available  concerning  it  is 
very  meager.    A  portion  of  this  area  is  swampy,  also. 

Geoloqy. — The  county  is  underlain  beneath  surficial  sands  and  loams 
of  the  Pleistocene  formations  by  sands,  clays,  and  marls,  probably  for 
the  most  part  of  Miocene,  although  possibly  in  part  of  Pliocene  age. 
At  some  depth,  perhaps  400  or  500  feet  in  the  west  and  becoming  deeper 
toward  the  oast,  are  beds  of  Cretaceous  age  upon  which  the  Miocene 
beds  rest.  The  Pleistocene  deposits  which  form  the  surface  materials 
belong  to  the  Chowan  and  Pamlico  formations. 
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Water  Resources, — ^Most  of  the  water  for  domestic  use  in  Washing- 
ton County  comes  from  open  and  driven  wells  8  to  30  feet  in  depth, 
the  supply  being  derived  from  the  lower  sandy  portions  of  the  Pleisto- 
cene deposits.  Cisterns  are  much  used  at  Creswell  and  a  few  are  in 
uso  at  Plvraouth. 

A  considerable  number  of  deep  wells  have  been  drilled  in  this  county. 
In  several  instances  strong  flows  have  been  obtained.  From  these  deep 
sources  the  water  is  apt  to  be  slightly  hard  and  sulphurous.  (See  table 
of  well  data  below.) 

At  Plymouth  flows  are  obtained  at  about  150,  180,  and  225  feet. 
In  the  town  well  a  strong  flow  was  obtained  at  a  depth  of  148  feet,  but 
drilling  was  continued  to  greater  depths.  No  other  horizons  were  en- 
countered, however,  and  the  casing  was  pulled  back  to  the  148-foot 
horizon.  At  Roper  flows  are  obtained  at  a  depth  of  225  feet.  In  the 
wells  of  Mr.  T.  W.  Blount  at  Roper  shell  beds  were  struck  at  40  feet 
below  the  surface  and  were  penetrated  at  intervals  to  the  bottom  of  the 
well.  This  town  has  a  fire  system,  the  water  being  pumped  from 
Mackey's  Creek. 

xit  Creswell  a  well  was  drilled  for  the  town  which  is  reported  to 
have  exceeded  300  feet  in  depth.  Xo  reliable  data  are  obtainable  con- 
cerning it.  It  is  stated  that  water  of  an  unsatisfactory  quality  rising 
to  within  a  foot  of  the  surface  was  encountered  at  some  depth. 

Assays  of  waters  from  this  county  are  given  in  Table  1,  pp.  502,  503, 
assays  !N'os.  176-178.    These  are  discussed  on  page  491. 

Artesmn  Prospects. — The  sandy  beds  of  the  Miocene  will  yield  an 
abundance  of  water  which  will  in  most  cases  be  rather  hard,  owing  to 
the  presence  of  marl  beds,  and  as  a  rule  will  be  sulphurous.  Potable 
water  may  be  expected  to  depths  of  about  300  feet,  and  when  the  eleva- 
tion at  the  surface  is  less  than  10  feet  above  sea  level  flows  may  in 
many  cases  be  obtained.  At  depths  exceeding  300  or  400  feet  the  water 
is  apt  to  contain  considerable  amounts  of  sodium  chloride  and  bicar- 
bonates. 
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Top^^graphj. — The  =arface  of  this  c<-ii::v  is  formed  of  three  Pleisio- 
cer.e  terrace  plain*.  Otjtii.^  :o  the  lack  of  topographic  maps  over  all 
but  rLe  nonhem  one-four.h  of  the  area,  their  detailed  distribution  is 
L*it  ir/j^rfec*lj  kno-R-n.  The  Wicon^ico  plain  forms  a  belt  seTeral 
r;..^-r  -wMe  aloLg  X^u-^  Kiver  at  el^-vation*  of  perhaps  70  to  SO  feet 
av^ve  •/-a  kvc'i.  The  Sji-df-r^ar.d  p'ain  covers  n:o?t  of  the  surface  to 
*]jt  J.OT'L  of  X'-';=^  aWf-T  aL'l  a  j'^^'ri-Ti  of  'Le  s-.^u'heastem  part  of  the 
<"OM.*v.  a*  «?Ieva*:or--  of  110  'o  l.Vi  fw*.  Th-  Liehest  or  O^harie  pLiin 
ihTi:.^  'i.(t  '^'iriixf'f:  of  i:rAf'ii  of  •Ik-  «^.«^;'h'»v<-5tem  pan  of  the  coimtT,  vi:h 
]*ro^/ullf:  ^:]':va':orj=  of  100  'o  V.***  f'-<?^.  The^  two  lattpr  are  considerably 
f},^^f'*t4  bv  r'r^arr-  erorioi;.  Th^-  j.IaiL-  are  separa'ed  from  each  other 
I:.  j.!a<'--  bv  v.r'^-^lr  fir  f.J  e-carpr^^-rr^. 

0^.0' 00'-/, — TL<^  rjor*}jwf--V'ni  T»arr  of  ^Le  countv  is  closelv  imderlain 
bv  ar.'^ri'  r.*  ^]ii*f:  rock-  wni*  h  afp'-ar  at  the  surface  along  Little  River 
ar.d  at  vario-;?  o*hor  place=.  Th^ir  upper  surface  dips  to  the  southeast 
iit.d  j,?j--^'-  l>"]o-.v  Viir*:T  I'vf'l.  The  Pa'uxfnt  formation,  consisting  of 
nrV.ft'J:  'Ui.*\-  aj.'l  drab.  r-oinpfir-T  flay*,  re^ts  upon  the  imeven  surface 
of  th^r  '■la*e.  Th^r  b^;d=  of  thi?  foriT.a^ion  do  not  rise  much  above  water 
1^'V^d  in  SftM-^t  Kivpr.  and  ^oirLf^a-t  of  Goldsboro  they  pass  finally  be- 
ijf-a^h  low-'vav-r  I'v^l.  The  lari.ina*od  -ands  and  clavs  of  the  Black 
('rf'f'V  forrr.ation  Tf/"^  uj^ori  the  Patnxf-iit  hf'd>  un conformably.     These 
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Flows  in  pit  4  ft.  below  surface. 
See  water  assay  No.  176,  table  1, 
'      pp.  502,  503. 


Another  horlson  at  140  ft. 

Flows  In  pit  4  ft.  below  surface. 
Three  other  wells,  all  about  same 


depth. 


pump. 


Miocene;  sand  and  shells.    See  water  assay  No.  178,  table  1, 

pp.  502, 503. 
Miocene;  sand.  Another  horlson  at  80  ft.    Flows  in 

pit  below  surface. 
Miocene;  sand  between    i 
two  rock  layers.         ' 
Miocene;  rock.  .  Another  horiion  at  150  ft. 

Mbcene. 

Miocene;  shell-rock. 


underlie  practically  all  of  the  county,  but  in  about  the  northwestern 
half  of  the  area  exist  merely  as  a  relatively  thin  sheet  transgressing 
westward  over  the  Patuxent  beds.  South  of  ^euse  River  Eocene  lime- 
stones are  present,  filling  disconnected  basins  in  the  eroded  Black  Creek 
surface.  Over  a  portion  of  the  northern  part  of  the  county  Miocene 
sands  and  clays  rest  directly  upon  the  Black  Creek  formation.  Spread 
over  all  older  formations  is  a  surficial  covering  of  Pleistocene  terrace 
deposits  consisting  of  sandy  clays,  sands,  and  gravels.  These  are  re- 
ferred to  the  Coharie,  Sunderland,  and  Wicomico  formations. 

Water  Resources. — The  sandy  and  gravelly  base  of  the  Pleistocene 
terrace  deposits  offers  an  abundant  source  of  soft  water  for  domestic 
use  over  the  greater  part  of  the  area.  It  is  obtained  by  means  of  shal- 
low open  and  driven  wells  10  to  30  feet  in  depth.  In  the  northwest 
there  are  many  open  wells  which  have  been  sunk  through  the  surface 
deposits  into  the  underlying  slate  rock  to  depths  of  20  or  25  feet. 

Many  springs  occur  along  the  river  bluffs  at  the  contact  of  the  lower 
sandy  portions  of  the  Pleistocene  beds  with  the  underlying,  less  pervi- 
ous, older  formations.  There  are  also  many  springs  in  other  parts  of 
the  county,  which  come  from  the  Pleistocene  deposits.  A  spring  be- 
longing to  Mr.  N.  S.  Perkins  and  known  locally  as  the  Perkins  Spring 
is  situated  in  the  level  bottom  of  a  small  valley  about  1  mile  from  Pike- 
ville.  It  has  a  flow  of  approximately  3  gallons  per  minute,  the  water 
probably  issuing  from  the  lower  sandy  portion  of  the  Pleistocene  de- 
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posits.  The  "water  is  sold  to  some  extent  in  the  vicinity  of  Pikeville 
and  in  Goldsboro.  A  small  amount  of  iron  oxide  has  been  deposited  in 
the  channel  leading  from  the  stream. 

It  is  stated  that  the  water  of  a  large  spring  near  Fremont  is  sold 
locally. 

At  Seven  Springs  there  are  a  number  of  springs  in  close  proximity  lo 
each  other  issuing  from  Black  Creek  beds  near  the  base  of  a  high  escarp- 
ment. These,  seven  in  number,  have  been  walled  up  and  roofed  over  and 
are  kept  in  convenient  order  for  the  use  of  guests  at  the  hotel.  The 
property  is  owned  by  the  Goldsboro  Seven  Springs  Security  Company 
of  Goldsboro,  'N.  C,  which  has  been  conducting  the  place  as  a  health 
resort.  Medicinal  properties  are  ascribed  to  the  waters  of  the  several 
springs.  Analyses  have  been  made  of  these  waters.  (See  Table  2, 
analyses  51-57,  pp.  508,  509.) 

One-half  mile  above  Seven  Springs  are  two  other  similar  springs 
known  as  the  "ninth"  and  "tenth"  springs,  respectively.  A  hotel  is 
located  here,  also,  medicinal  properties  having  been  ascribed  to  the 
water.  This  property  is  owned  by  Mrs.  Fannie  B.  Ham.  Water  from 
both  the  "seven  springs"  and  from  the  "ninth"  and  "tenth"  springs 
has  been  bottled  and  sold  to  a  limited  extent. 

At  Goldsboro  the  waterworks  plant  is  owned  by  the  city.  The  water 
is  obtained  from  Little  River.  It  is  very  soft,  containing  on  an  average 
of  60  parts  per  million  of  total  solids. 

A  number  of  deep  wells  have  been  drilled  in  the  county,  some  of 
which  enter  the  underlying  basement  rocks.  For  a  partial  list  of  those 
concerning  which  information  has  been  obtained,  see  table  of  well  data 
below. 

At  Goldsboro  three  wells  have  been  drilled  through  the  deposits  of 
the  Coastal  Plain  into  the  underlying  basement  rocks,  the  deepest,  that 
of  the  Borden  Manufacturing  Company,  attaining  a  depth  of  807  feet. 
The  rock  surface  beneath  Goldsboro  is  apparently  quite  uneven,  wells 
within  short  distances  of  each  other  upon  the  level  plain  upon  which 
the  town  is  situated  entering  the  basement  rocks  at  widely  varying 
depths.  The  water-bearing  beds  of  the  Coastal  Plain  deposits  have  been 
cased  off  in  all  of  these  wells.  The  basement  rocks  vield  a  hard,  alka- 
line  water,  rising  within  30  to  50  feet  of  the  surface,  and  on  pumping 
yield  supplies  of  from  20  to  85  gallons  per  minute. 

Flowing  wells  have  been  obtained  from  the  Patuxent  formation  on 
the  farm  of  Mr.  E.  B.  Borden,  about  ly^  miles  northwest  of  Goldsboro. 
There  are  3  wells,  each  about  35  feet  in  depth  and  having  about  the 
same  flow.     A  measurement  of  the  flow  of  the  well  at  the  house  gave 
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1%  gallons  per  minute.  These  wells  are  situated  on  the  Wicomico 
terrace  bordering  Neuse  River.  A  few  other  flows  have  been  obtained 
in  the  vicinity  of  Goldsboro  upon  this  lower  level.  In  the  town  of  Golds- 
boro  there  are  many  drilled  wells  35  to  50  feet  in  depth  which  tap 
Patuxent  horizons.  In  these  the  water  rises  to  within  10  to  12  feet  of 
the  surface. 

A  number  of  wells  have  been  drilled  at  Mount  Olive  and  in  the  sur- 
rounding country  to  depths  ranging  from  30  to  150  feet,  which  proba- 
bly obtain  their  supply  from  the  Black  Creek  formation.  Some  of 
these,  located  in  valleys  a  few  feet  below  the  general  level,  are  flowing 
wells. 

Assays  and  analyses  of  waters  from  this  county  are  given  elsewhere 
in  this  report,  as  follows:  Table  1,  pp.  192,  193,  assays  Nos.  179-185; 
Table  2,  pp.  508,  509,  analyses  ^os.  51-57.  These  are  discussed  on 
page  491. 

Artesian  Prospects. — The  ancient  basement  rocks  which  underlie  the 
deposits  of  the  Coastal  Plain  yield  fair  supplies  of  potable  water  at 
various  depths  down  to  600  or  800  feet.  The  Patuxent  beds  which 
rest  upon  the  slates  offer  a  possible  source  of  excellent  water  over  the 
entire  county.  Over  the  northwestern  two-thirds  of  the  county  these 
are  reached  at  moderate  depths,  but  towards  the  southeast  they  pass 
deeper  beneath  the  Black  Creek  formation,  and  in  the  extreme  south- 
east their  upper  surface  probably  lies  at  a  depth  of  about  300  feet.  In 
the  south  and  southeast  at  depths  of  50  to  300  feet  the  Black  Creek 
formation  which  rests  upon  the  Patuxent  formation  will  yield  from 
its  contained  sand  beds  fair  supplies  of  potable  water  which  in  some 
localities  is  rather  high  in  iron  salts.  The  Eocene  and  Miocene  beds 
are  unimportant  as  water-bearers,  except  locally. 
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19  Mount  Olive,  1  mile  W.  of .  M.McPhail 80  U   +2 

20  Mount  Olive,  2i  miles  N.  E.  M.  B.  Farmer 1897   80?  U    +8? 

of. 


WILSON   COUNTY. 

Toyofjrapliy. — The  Sunderland  terrace  plain  of  the  Pleistocene  forms 
the  surface  over  the  greater  part  of  the  county  at  elevations  of  110  to 
150  feot.  This  plain  is  considerably  dissected  by  streams.  The  high- 
est or  Coharie  plain  has  a  limited  development  in  the  western  part  of 
the  county  at  elevations  ranging  from  180  to  230  feet.  The  Wicomico 
])lain,  ^vhich  is  the  next  lower  than  the  Sunderland  plain,  has  a  limited 
development  along  Contentnea  Creek  at  elevations  of  90  to  100  feet; 
while  the  Chowan  plain,  still  lower,  at  elevations  of  60  to  80  feet,  ex- 
tends up  the  valley  of  Contentnea  Creek  as  a  bordering  terrace  to  and 
several  miles  beyond  Woodard  Bridge. 

Geology, — Over  the  western  half  of  the  county  basement  rocks  are 
exposed  in  the  beds  of  the  streams.     Their  uneven  surface  dips  to  the 
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eastward,  and  on  Contentnea  Creek  passes  finally  below  water  level 
about  2  miles  below  Roundtree  bridge.  The  depth  of  these  rocks  be- 
neath the  surface  in  the  eastern  part  of  the  county  is  not  known,  but  it 
probably  does  not  exceed  150  or  200  feet.  Over  about  the  eastern  one- 
third  of  the  county  the  Patuxent  formation,  consisting  of  arkosic  sands 
and  drab,  compact  clays,  rests  upon  the  basal  crystallines.  These  rise 
but  little  above  water  level  along  Contentnea  Creek.  Beds  of  Miocene 
age  rest  upon  the  Patuxent  formation  and  overlap  westward  upon  the 
crystallines  to  a  little  beyond  "Wilson.  Pleistocene  terrace  deposits  form 
a  surface  covering  over  all  older  formations.  These  are  referred  to  the 
Coharie,  Sunderland,  Wicomico,  and  Chowan  formations. 

Water  Resources. — The  chief  supply  of  water  for  domestic  use  is  de- 
rived from  the  basal  sandy  and  gravelly  beds  of  the  Pleistocene  forma- 
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tions  by  means  of  open  and  driven  wells  10  to  30  feet  in  depth.  The 
Pleistocene  materials  are  in  most  places  so  compact  that  no  curbing  is 
required.  In  the  western  part  of  the  county  a  few  dug  wells  40  to  60 
feet  in  depth  penetrate  the  upper,  decomposed  portion  of  the  basement 
rocks  from  which  supplies  are  obtained.  Springs  are  common,  and 
where  occurring  conveniently  are  used  for  domestic  purposes. 

About  2  miles  north  of  Wilson,  at  the  head  of  a  small  spring-fed 
valley,  a  feeder  of  Toisnot  Swamp,  are  Young's  Park  Springs,  the 
water  from  which  is  sold  in  Wilson.  The  springs  are  three  in  number, 
and  have  a  flow  estimated  at  about  2  gallons  per  minute. 

The  waterworks  plant  at  Wilson  is  owned  and  operated  by  the  town. 
The  supply  is  obtained  from  Toisnot  Swamp,  2  miles  directly  north 
of  the  courthouse.  The  plant  was  installed  in  1892  and  additions  were 
made  in  1908.  The  pumping  is  accomplished  by  means  of  two  elec- 
trically driven  triplex  pumps  having  capacities  of  500,000  gallons  per 
day  each.  A  pressure  filter  made  by  the  Xew  York  Continental  Jewel 
Filtration  Company,  having  a  capacity  of  2,000,000  gallons  per  day, 
is  in  use.  Besides  being  filtered,  the  water  is  also  treated  chemically. 
A  maximum  direct  pressure  of  100  pounds  per  square  inch  is  possible. 
Chemical  analysis  of  the  unfiltered  water  shows  that  it  is  soft,  with  an 
excess  of  organic  matter,  the  latter  being  derived  from  the  vegetable 
matter  in  the  swamp  through  which  the  water  passes. 

In  the  sand  and  gravel  layers  of  the  Miocene  which  underlie  the 
town,  water  is  obtained  do\vn  to  bedrock  by  means  of  wells  90  to  100 
feet  in  depth. 

Several  deep  wells  have  been  drilled  into  the  granite  which  under- 
lies Wilson  at  from  90  to  120  feet  below  the  surface,  the  deepest  being 
to  a  depth  of  216  feet.  An  abundant  supply  of  water  is  obtained  from 
crevices  in  the  granite.  (See  assays,  Table  1,  of  water  from  wells  of 
the  Clark  Plate  Ice  Company  and  Pepsi-Cola  Bottling  Company.) 
The  water  rises  to  within  12  to  14  feet  of  the  surface.  When  at  a  depth 
of  about  120  feet  the  well  of  the  Pepsi-Cola  Bottling  Company  over- 
flowed at  the  surface,  but  the  flow  was  lost  when  the  next  crevice 
was  struck.  The  flow  was  probably  due  to  the  tapping  of  a  small  reser- 
voir in  which  the  water  was  under  pressure. 

In  the  southeastern  part  of  the  county,  near  Stantonsburg  and  Moye- 
ton,  there  are  several  flowing  wells  located  on  low  land  along  Content- 
nea  Creek  whose  elevation  above  the  sea  is  about  50  or  60  feet.  The 
flows,  which  amount  to  from  3  to  25  gallons  per  minute,  are  obtained 
from  a  horizon  in  the  Patuxent  formation  at  a  depth  of  about  90  feet 
below  the  surface. 
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Assays  and  one  analysis  of  waters  from  this  county  are  given  else- 
where in  this  report,  as  follows :  Table  1,  pp.  502,  503,  assays  Nos,  186- 
188;  Table  2,  pp.  508,  509,  analysis  No.  58.  These  are  discussed  on 
page  491. 

Artesian  Prospects. — The  crystalline  rocks  which  underlie  the  county 
are  a  possible  source  of  potable  water  to  depths  of  several  hundred  feet 
below  the  surface. 

The  principal  source  of  artesian  water  from  the  deposits  of  the 
Coastal  Plain  is  the  Patuxent  formation,  which  occurs  only  in  the 
southeastern  part  of  the  county.  Flowing  wells  may  be  obtained  from 
Patuxent  horizons,  on  the  lowlands  in  the  southeast  along  Contentnea 
Creek  and  its  tributaries. 

The  Miocene  beds  overlying  the  Patuxent  formation,  while  in  many 
places  containing  abundant  supplies,  will  in  most  places  yield  a  hard 
water,  due  to  the  presence  of  shell  beds. 
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CHAPTER  II. 

THE  QUALITY  OF  SOME  WATERS  OF  THE  COASTAL 

PLAIN  OF  NORTH  CAROLINA. 

By  HORATIO  X.  PARKER. 

rNTRODUCTrON. 

The  available  information  on  the  chemical  composition  of  the  ground 
waters  of  North  Carolina  is  so  small  that  no  general  statements  can  be 
presented  concerning  the  quality  of  the  waters  likely  to  be  encountered 
over  extensive  areas,  and  discussion  has  necessarily  been  limited  to  the 
characteristics  of  the  comparatively  few  samples  that  have  been  tested. 
The  results  are  given  in  two  tables,  the  first  including  field  assays,  and 
the  second  more  detailed  analyses.  The  field  assays  were  made  by 
L.  W.  Stephenson  and  B.  L.  Johnson  according  to  the  methods  outlined 
in  Water-Supply  Paper,  TJ.  S.  Geological  Survey,  No.  151,  and  the 
results  obtained  may  be  considered  approximate  in  character.  A  part 
of  the  detailed  analyses  were  performed  by  J.  R.  Evans,  in  the  branch 
laboratory  of  the  TJ.  S.  Geological  Survey  at  the  University  of  Georgia, 
Athens,  Ga.,  on  samples  collected  by  B.  L.  Johnson,  of  the  U.  S.  Geo- 
logical Survey,  during  the  progress  of  field  investigations.  The  remain- 
ing analyses,  performed  by  several  analysts  and  procured  from  various 
sources,  have  been  recomputed  to  ionic  form  in  parts  per  million  in 
order  that  the  data  may  be  easily  compared. 

DrscussroN  of  analyses. 

BEAUFORT    COUNTY. 

The  five  chemical  analyses,  1  to  5,  Table  2,  show  waters  that  differ 
considerably.  Analysis  1  indicates  a  sodic,  calcic,  alkaline  water; 
analysis  2,  a  calcic,  alkaline  water  of  great  temporary  hardness;  analy- 
sis 3,  a  sodic,  alkaline  water  very  suitable  for  laundering;  analysis  4, 
a  calcic,  alkaline,  saline  water;  and  analysis  5,  a  soft,  magnesic,  alkaline, 
saline  water. 

The  assays  of  Beaufort  County  waters  are  recorded  in  Table  1. 
Assays  2,  4,  and  5  indicate  waters  very  high  in  carbonates;  assays 
7,  8,  and  9  show  waters  with  less  carbonates;  and  assay  3  denotes  a 
water  tolerably  high  in  chlorides  and  carbonates;  assay  6  shows  a  re- 
markably soft  water.  Most  of  these  waters  that  were  assayed  have 
considerable  color  and  little  or  no  sulphates. 
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BERTIE   COUNTY. 

The  only  water  tested  from  Bertie  County  was  from  the  flowing  well 
at  Windsor.  From  the  analysis,  which  appears  in  Table  2,  this  water 
may  be  classed  as  sodic  alkaline  saline. 

BLADEN    COUNTY. 

The  only  analysis  that  was  made  of  Bladen  County  water  is  pre- 
sented in  Table  2 ;  it  shows  a  very  soft  water. 

The  results  of  the  assays  of  water  from  this  county  appear  in  Table 
1.  Assays  10,  12,  16,  17,  19,  21,  and  22  show  remarkably  soft  water. 
Assays  13,  14,  15,  and  16  denote  waters  moderately  high  in  carbonates. 
Assay  20  is  a  test  of  a  water  of  somewhat  high  carbonates  and  chlo- 
rides. !N'one  of  the  waters  of  this  county  have  more  than  a  trace  of 
sulphates. 

BRUNSWICK    COUNTY. 

The  results  of  the  chemical  analyses  of  the  water  of  Brunswick 
County  appear  in  Table  2.  Analyses  8  and  9  record  tests  of  salty 
waters  at  Fort  Caswell  that  are  unlike.  Analysis  8  shows  a  highly 
mineralized  sodic  chloride  water,  and  analysis  9  shows  an  even  more 
highly  mineralized  water  that  may  be  classed  as  sodic  calcic  alkaline 
saline.  Analyses  10  to  23  are  tests  of  samples  of  water  that  were  col- 
lected at  intervals  from  a  deep  well  at  the  Quarantine  Station  during 
66  minutes'  pumping.  Analysis  10  shows  the  composition  of  water 
that  probably  had  been  standing  in  the  well  since  it  was  last  pumped. 
This  water  is  soft  and  not  high  in  chlorides.  The  samples  taken  3  and 
6  minutes  later  are  very  high  in  chlorides  and  show,  also,  an  increase 
in  carbonates.  Samples  taken  thereafter  for  35  minutes  at  5-minute 
intervals  show  steady  diminution  in  carbonates  and  chlorides.  Samples 
taken  in  the  succeeding  half 'hour  were  fairly  constant  in  composition, 
for  the  carbonates  and  chlorides  fluctuate  but  little.  These  tests  may  be 
compared  with  assays  26  and  27,  Table  2. 

The  assays  of  Brunswick  County  waters  appear  in  Table  1.  Assays  23 
and  24  are  tests  of  two  saline  waters,  one  of  which  comes  from  a  deep 
and  the  other  from  a  shallow  well.  The  two  waters  are  highly  mineral- 
ized, large  quantities  of  carbonates,  sulphates,  and  chlorides  being 
present.  Assays  25  and  28  indicate  waters  moderately  high  in  car- 
bonates and  low  in  chlorides. 

CARTERET   COUNTY. 

'No  mineral  analyses  were  made  of  the  waters  of  Carteret  County, 
but  seven  assays  are  recorded  in  Table  1.    Assays  30,  31,  and  32  indi- 
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cate  soft  waters.  Assays  29  and  33  show  waters  liigh  in  carbonates, 
while  assays  34  and  35  are  tests  of  waters  that  carry  carbonates  in 
moderate  amounts.  All  of  the  Carteret  County  waters  that  were  tested 
have  considerable  color,  are  low  in  chlorides,  and  carry  little  or  no 
sulphates. 

CHOWAN    COUNTY. 

Analysis  24,  Table  2,  is  a  test  of  the  city  water  at  Edenton  and  indi- 
cates a  sodic  calcic  alkaline  water.  Assay  36,  Table  1,  shows  a  water 
of  low  temporary  and  permanent  hardness. 

COLUMBUS  COUNTY. 

Analysis  25,  Table  2,  shows  a  very  soft  calcic  sodic  alkaline  wat«r. 
Assays  42,  44,  and  46  are  tests  of  waters  from  shallow  wells.  Of  these 
assays  the  first  two  denote  very  soft  waters,  but  the  last  indicates  a 
moderate  amount  of  carbonates.  Assays  37,  39,  and  41  are  tests  of 
waters  which  rise  in  the  wells  but  are  not  under  sufficient  hydrostatic 
pressure  to  overflow.  These  waters  dijBFer  considerably  in  character. 
Assay  37  indicates  a  water  moderately  high  in  carbonates;  assay  39, 
one  very  high  in  carbonates  and  high  in  chlorides,  and  assay  41,  a  soft 
water.  Assays  38,  40,  43,  45,  47,  48,  49,  60,  and  51  are  tests  of  the 
waters  of  flowing  wells.  Of  these  assays,  43,  45,  47,  48,  and  50  show 
waters  low  in  chlorides  and  moderately  high  in  carbonates;  assay  49 
indicates  a  water  high  in  carbonates  and  low  in  chlorides;  assay  40,  a 
water  high  in  chlorides  and  low  in  carbonates;  and  assay  38,  a  very 
soft  water,  low  in  both  carbonates  and  chlorides.  None  of  these  Colum- 
bus County  waters  carry  more  than  a  trace  of  sulphates,  but  all  of  them 
contain  a  little  iron. 

CBAVEN   COUNTY. 

Analysis  26,  Table  2,  shows  a  calcic  sodic  alkaline  saline  water. 
Assay  58,  Table  1,  indicates  a  very  soft  water  that  is  high  in  chlorides. 
Assays  53  and  60  are  tests  of  waters  carrying  carbonates  in  moderate 
amounts,  while  assays  54  and  59  are  those  of  waters  high  in  carbonates. 
The  other  assays  indicate  waters  low  in  carbonates.  All  of  the  assays  of 
the  Craven  County  water,  except  58,  show  low  chlorides,  and  none  of 
them  indicate  more  than  a  trace  of  sulphates.  Many  of  the  waters 
have  a  noticeable  amount  of  color. 

CUMBERLAND   COUNTY. 

No  mineral  analyses  of  Cumberland  County  waters  are  presented. 
Assay  65  shows  a  water  very  low  in  carbonates,  high  in  sulphates,  and 
with  a  considerable  amount  of  chlorides.     Assay  72  indicates  a  water 
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carrying  a  moderate  amount  of  carbonates  and  high  sulphates.  Assays 
68,  69,  and  70  indicate  waters  high  in  carbonates,  and  with  no  sul- 
phates. Of  these  three  assays,  68  shows  more  chlorides  than  the  others. 
The  rest  of  the  assays  denote  very  soft  water.  Sulphates  are  wanting 
in  all  of  the  Cumberland  County  assays  except  in  65  and  72. 

CUERITUOK   COUNTY. 

Assay  74,  Table  1,  is  the  only  test  that  was  made  of  a  Currituck 
County  water.    It  shows  one  that  is  very  soft. 

DARE   COUNTY. 

But  two  tests  were  made  of  the  waters  of  Dare  County.  Analysis 
27,  Table  2,  shows  a  very*  soft  sodic  saline  water,  and  a  very  soft  one 
is  also  shown  by  assay  75,  Table  1. 

DUPLIN    COUNTY. 

I 

No  mineral  analyses  were  made  of  the  waters  of  Duplin  County,  but 
assays  were  made  of  several  waters,  and  the  results  obtained  are  re- 
corded in  Table  1.  Assays  77  and  80  show  very  soft  waters  that  carry 
rather  more  chlorides  than  most  of  the  Duplin  County  waters  that 
were  tested.  Assay  78  indicates  a  water  moderately  high  in  carbonates^ 
and  high  in  chlorides.  The  other  waters  are  all  moderately  high  in 
carbonates  and  low  in  chlorides.  None  of  the  Duplin  County  waters 
carried  more  than  a  trace  of  sulphates. 

EDGECOMBE   COUNTY. 

No  mineral  analyses  were  made  of  the  waters  of  Edgecombe  County. 
The  results  of  the  tests  made  by  assay  appear  in  Table  1.  Assays  85 
and  87  indicate  very  soft  waters,  while  assays  86  and  88  show  waters 
moderately  high  in  carbonates.  No  sulphates  were  shown  in  Edge- 
combe County  waters. 

GATES   COUNTY. 

No  mineral  analyses  were  made  of  the  waters  of  Gates  County,  but 
one  water  was  tested  by  assay.  This  assay,  89  of  Table  1,  indicates  a 
very  soft  water, 

GREENE  COUNTY. 

No  mineral  analyses  were  made  of  the  waters  of  Greene  County,  but 
two  waters  were  tested  by  assay,  and  the  results  appear  in  Table  1. 
Assay  90  shows  a  very  soft  water  and  assay  91  a  water  that  is  moder- 
ately high  in  carbonates.    Both  waters  are  low  in  sulphates. 
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HALIFAX  COUNTY. 

Analyses  28,  29,  and  30,  Table  2,  show  very  soft  waters.  Assays  92, 
94,  and  95,  Table  1,  are  tests  of  waters  that  are  somewhat  high  in 
carbonates.  Assay  93  indicates  a  water  soft  but  rather  high  in  chlo- 
rides. All  four  waters  are  low  in  sulphates.  Distinct  color  was  shown 
in  the  three  waters  whose  color  was  read. 

HAENETT  COUNTY. 

No  mineral  analyses  were  made  of  the  waters  of  this  county  and 
but  two  waters  were  tested  by  assay.  Assay  96,  Table  1,  shows  a  water 
moderately  high  in  carbonates,  and  assay  97  one  that  is  very  soft.  In 
both  waters  the  sulphates  and  chlorides  are  low. 

HERTFORD  COUNTY. 

Analyses  31,  32,  and  33,  Table  2,  and  assay  98,  Table  1,  all  show 
very  soft  waters. 

HYDE   COUNTY. 

Analysis  34,  Table  2,  shows  a  highly  mineralized  sodic  magnesic 
alkaline  saljnc  water.  Analysis  35,  Table  2,  denotes  a  very  soft  sodic 
alkaline  water  which  would  be  excellent  for  laundering,  but  which 
might  foam  in  steam  boilers.  Assays  99  and  100,  Table  1,  indicate 
waters  carrying  high  carbonates,  no  sulphates,  and  rather  high  chlo- 
rides. 

JOHNSTON    COUNTY. 

Analysis  36,  Table  2,  and  assays  103  and  104,  Table  1,  show  remark- 
ably soft  waters.  The  waters  tested  by  assays  101  and  102  are  also 
soft,  but  they  are  somewhat  more  highly  mineralized  than  the  other 
Johnston  Countv  waters  of  which  tests  were  made. 

JONES   COUNTY. 

Xo  analyses  were  made  of  Jones  County  waters;  the  assays  are 
rocorded  in  Table  1.  Assay  105  indicates  a  very  soft  water;  assays 
106,  107,  and  108  denote  waters  moderately  high  in  carbonates  and 
with  little  or  no  sulphates.  Assay  107  shows  more  chlorides  than  the 
other  nssays  of  waters  in  this  county. 

LENOIR   COUNTY. 

Analysis  37,  Table  2,  shows  a  soft  magnesic  sodic  alkaline  water, 
and  analysis  3S  a  very  soft  sodic  alkaline  water.  Assays  111,  112,  and 
113,  Table  1,  indicate  very  soft  waters,  while  assays  109  and  110  de- 
note waters  which,  though  soft,  carry  more  carbonates. 
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MARTIN   COUNTY. 

No  mineral  analyses  of  the  waters  of  this  county  were  made  and  but 
one  water  was  tested  by  assay.  This  water,  assay  114,  Table  1,  is  very 
soft. 

MOORE   COUNTY. 

Only  one  mineral  analysis  (39,  Table  2)  and  two  water  assays  (115, 
116,  Table  1)  were  made  of  the  waters  of  this  county.  All  show  re- 
markably soft  waters. 

NASH   COUNTY. 

Xo  mineral  analyses  were  made  of  the  waters  of  Nash  County,  and 
but  two  assays.  These  are  assays  117  and  118,  Table  1,  both  showing 
remarkably  soft  waters. 

NEW  HANOVER  COUNTY. 

Analysis  40,  Table  2,  is  a  test  of  the  highly  mineralized  sodic  calcic 
alkaline  saline  water  from  the  flowing  well  of  the  Clarendon  Waterworks 
Company.  Analysis  41  shows  a  calcic  sodic  alkaline  water  of  moderate 
temporary  hardness.  The  assays  appear  in  Table  1.  Assay  119  indi- 
cates a  ferruginous  water,  high  in  carbonates,  without  sulphates,  and 
low  in  chlorides.  Assay  120  is  of  a  water  high  in  carbonates,  but  low 
in  sulphates  and  chlorides.  Assay  121  shows  a  water  high  in  carbon- 
ates, with  a  noticeable  amount  of  chlorides  and  little  sulphates. 

Assays  122  to  135  are  tests  of  waters  in  Wilmington.  Assays  123 
and  128  show  strongly  mineralized  waters,  high  in  chlorides,  sul- 
phates, and  carbonates.  Assays  124,  125,  126,  127,  135,  and  136  in- 
dicate soft  waters.  Assays  129,  130,  132,  and  134  denote  waters  low 
in  chlorides,  moderately  high  in  carbonates,  and  carrying  no  sul- 
phates. Assays  122  and  131  denote  waters  that  are  moderately  high  in 
carbonates  and  carry  noticeable  amounts  of  sulphates  and  chlorides. 
Assay  137  is  a  test  of  a  water  that  carries  no  sulphates,  an  appreciable 
amount  of  chlorides,  and  moderately  high  carbonates. 

NORTHAMPTON   COUNTY. 

No  mineral  analyses  of  the  waters  of  Northampton  County  were 
made,  but  two  assays  are  recorded  in  Table  1.  Assay  138  indicates  an 
extremely  soft  water;  assay  139  a  water  that  contains  rather  more 
carbonates  than  the  other.  Neither  water  contains  more  than  a  trace 
of  sulphates. 

ONSLOW  COUNTY. 

Analysis  42,  Table  2,  assays  140,  143,  and  144,  Table  1,  show  very 
soft  waters.  Assay  141  indicates  a  water  very  high  in  carbonates, 
while  assay  145  shows  one  carrying  carbonates  in  only  moderate 
amounts.    All  of  these  waters  are  low  in  sulphates  and  chlorides. 


490  THE  COASTAL  PLAIN  OF  NOETH  CABOLINA. 

PAMLICO  COUNTY. 

"No  mineral  analyses  were  made  of  the  waters  of  Pamlico  Coimtj; 
the  assays  are  recorded  in  Table  1.  Assays  146,  148,  and  150  all  indi- 
cate very  soft  waters.  The  high  color  shown  by  assay  150  is  note- 
worthy. Assay  149  and  151  denote  waters  that  are  soft,  but  are  rather 
higher  in  carbonates  than  the  three  preceding.  Assays  147  and  152 
show  waters  carrying  very  high  carbonates.  The  chlorides  and  sul- 
phates in  the  Pamlico  County  waters  are  low. 

PENDER  COUNTY. 

!N'o  mineral  analyses  of  the  waters  of  this  county  were  made.  Three 
waters  were  tested  by  assays,  the  results  of  which  are  recorded  in 
Table  1.  Assay  153  shows  a  water  high  in  carbonates  and  chlorides, 
but  low  in  sulphates;  assay  154  indicates  a  very  soft  water;  and  assay 
155  one  that  is  high  in  carbonates,  but  low  in  sulphates  and  chlorides. 

.  PITT    COUNTY. 

Analysis  43,  Table  2,  shows  a  sodic  alkaline  water  that  is  excellent 
for  laundry  use.  Assays  156  and  159,  Table  1,  show  very  soft  waters. 
The  other  assays  of  Pitt  County  waters  show  moderate  amounts  of 
carbonates.  All  of  the  waters  of  the  county  that  were  tested  show  low 
sulphates  and  chlorides  and  have  a  noticeable  amount  of  color. 

RICHMOND   COUNTY. 

Analysis  49,  Table  2,  and  assay  163,  Table  1,  show  remarkably  soft 
waters. 

ROBESON    COUNTY. 

Analyses  44  to  48,  Table  2,  show  the  quality  of  the  waters  of  Red 
Springs.  The  waters  are  not  highly  mineralized,  but  they  carry  con- 
siderable iron.  Analysis  47  indicates  a  water  diflFering  from  the  others, 
the  content  of  potassium  shown  being  higher.  Assays  164  to  167,  Table 
1,  indicate  water  carrying  no  sulphates,  low  chlorides,  and  moderate 

amounts  of  carbonates. 

(Sampson  county. 

Analysis  50,  Table  2,  shows  a  soft  calcic  alkaline  water.  Assays  173 
and  174,  Table  1,  indicate  very  soft  waters.  Assay  170  shows  a  water 
that  contains  moderately  high  carbonates  and  chlorides.  Assay  172 
indicates  considerable  iron  and  rather  high  carbonates.  The  other 
assays  of  the  waters  of  Sampson  County  show  moderate  amounts  of 
carbonates  and  low  chlorides.  All  of  the  waters  in  the  county  that 
were  tested  carry  little  or  no  sulphates. 
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TYERBLL  COUNTY. 

No  mineral  analyses  of  the  waters  of  Tyrrell  County  were  made,  and 
there  is  but  one  assay — 175,  Table  1.  This  assay  indicates  a  remarka- 
bly soft  water. 

WASHINGTON   COUNTY. 

No  mineral  analyses  of  the  waters  of  Washington  County  are  pre- 
sented. Three  tests  were  made  by  assay,  and  the  results  of  these  are 
recorded  in  Table  1.  Assays  176  and  178  indicate  waters  very  high  in 
carbonates,  and  assay  177  shows  a  water  in  which  the  carbonates  are 
present  in  only  moderate  amount.  All  three  of  these  waters  contain  a 
trace  of  sulphates  and  considerable  amounts  of  chlorides. 

WAYNE  COUNTY. 

Analyses  51  to  57,  Table  2,  show  the  composition  of  the  waters  of 
the  Seven  Springs;  the  waters  are  very  soft  and  contain  appreciable 
amounts  of  iron.  The  results  of  tests  of  other  Wayne  County  waters 
are  shown  by  assays  179  to  185,  Table  1.  All  of  the  waters  are  remark- 
ably soft,  except  possibly  that  tested  by  assay  182,  which  shows  higher 
carbonates  than  the  other  assays. 

WILSON   COUNTY. 

Analysis  58  shows  a  soft  sodic  alkaline  water  very  suitable  for 
laundry  work.  Assay  186  indicates  a  remarkably  soft  water,  while 
assays  187  and  188  show  waters  moderately  high  in  carbonates.  All  of 
the  waters  of  this  county  that  were  tested  are  low  in  chlorides  and  con- 
tain not  more  than  a  trace  of  sulphates. 
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Table  l—ASSAYS  OF  NORTH  CARO 

[Parts  per 


No. 


Date. 


1  Oct.  13, 1906 


I 


Oct.  17. 1906 

3  Oct.  17, 1906 

4  Oct.  15, 1906 

5  I  Oct.  13, 1906 
0  Oct.  19, 1906 
7  Oct.  19, 1906 


8 


Oct.  17, 1906 


9  Oct.  19, 1906 

I 

10  Oct.  23, 1906 

11  Oct.  23, 1906 

12  Oct.  23. 1906  ■ 

13  .  Oct.  22, 1906 

14  Oct.  22, 1906 

15  Oct.  22, 1906  ' 

16  Nov.  6. 1906 

17  Nov.  6.  1906  ' 

18  Oct.  21, 1906 

19  Oct.  21, 1906 

20  Nov.  16, 1906 

21  Oct.  21. 1906 

22  Oct.  21. 1906 

23  Oct.  17, 1906  , 

24  Oct.  17, 1906  [ 

25  Oct.  17. 1906 

26  Oct.  19.  1906 

27  Oct.  19,  1906 

28  Oct.  17, 1906 

29  Sept.  11, 1906 

30  Sept.  10, 1906 

31  Sept.  11, 1906 

32  Sept.  10, 1906 

33  Sept.  10, 1906 


Source. 

BtAVrORT  COUNTT— 

Aurora,  2  miles  south  of,  well  of  Bennett  k  Leach  at  Bennett's 

Camps. 
Bath,  flowing  well  of  T.  A.  Brooks 

Bath,  well  of  J.  S.  Marsh 

Blounts  Creek,  well  of  S.  R.  Fowle  &Son 

Idalia,  flowing  well  of  H.  B.  Bell - 

Minneola,  shallow  well  near 

Washington,  flowing  well  of  J.  J.  Woolard 

Washington,  well  of  Washington  Investment  Co. 

Wharton,  flowing  well  of  C.  C.  WUllams 

Bladkn  Countt — 

Bladenboro,  flowing  well  of  S.  N.  Ferguson 

Bladenboro,  flowing  well  of  Brldger  &  Co 

Bhidenboro,  well  of  Bridger  ft  Co... 

Clarkton.  well  of  G.  W.  Hester 

* 

ClarktoD,  well  of  0.  L.  Clark,  100  ft.  southwest  of  railroad 

Clarkton,  well  of  0.  L.  Clark,  200  yds.  southwest  of  railroad 

Elisabethtown,  spring  of  Irwin  Robinson 

Elisabethtown,  well  of  G.  W.  Hall 

Emerson,  well  of  Porter,  100  ft.  northeast  of  railroad 

Emeraon,  well  of  Porter,  200  ft.  west  of  railroad 


^^Pth       n^^.  Iron 

in  feet.      ^^'-       (Fe). 


140 

0 

tzaep. 

121 

57 

traee. 

16 

57 

0 

87 

66 

trace. 

204 

17 

0 

22  , 

0 

0 

32  ' 

35 

trace. 

57 

22 

40 

17 

Point  Caswell,  3  miles  west  of,  flowing  well  of  Frank  Sessoms 

on  west  bank  of  Black  River. 
Rosindale,  well  of  Mrs.  D.  J.  Clark,  200  ft.  west  of  railroad... 

Rofiindale,  well  of  A.  A.  Clark,  300  yards  northeast  of  railroad 
Brunswick  County — 

Fort  Caswell,  well  of  U.  S.  Government.. 

Fort  Caswell,  well  of  U.  S.  Government 

Southport,  well  of  Kate  Stuart 

Southport,  well  of  U.  S.  Government  Quarantine  Station 

Southport,  well  of  U.  S.  Government  Quarantine  Station 

Southport,  public  well  in  grove 

Carteret  County— 

Beaufort,  flowing  well  at  oyster  fishery 

Beaufort,  well  of  H.  D.  Noe , 

Marker's  Island 

Morehead,  well  of  J.  B.  Morton 

Morehead,  deep  well  of  R.  W.Taylor 


50 

15 

52 

92 

218 

227 

0 

25-30 

110 

15 

98 

10 

0 


3 
3 

trace. 

trace. 

trace. 

traee. 

tiace. 

tiaoe. 
1 
1 

tiaee. 

trace, 
1 


*Trace  signifies  lc3.s  than  35  parts  per  million.       fZero  signifies  less  than  5  parts  per 


800    .. 

1 

16    -- 

1.: 

^25   -. 

trace. 

400   -. 

1.5 

400   .. 

1 

103   -. 

3 

235 

22 

trace. 

20 

83 

30 

78 

1 

10 

22 

0 

288 

61 

trace. 

milUon. 
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Million.] 


Bicarbonate  Sulphate  nuu-t.^ 
xadiele  raSlde  ^%^"* 
(HCOi).        (SO4).     1      ^^*^- 


[    tiaoe.* 

386       trace. 


199 
448 
373 


199 
187 
261 


124 

211 
149 

149 

I 
12 

I 
75 

199 : 


323 


trace. 


at 


trace. 
I 
trace, 
trace. 


0 
0 
0 

0  i 
0, 

0 


trace, 
trace. 


0 
0 
0 
0 


20 
15 
176 
16 
20 
20 
15 
15 
14 

10 
14 
14 
19 
9 
14 
19 
29 
19 
19 
129 
24 
19 


Analyst. 


Remarka. 


B.  L.  Johnaon 1  Odor  of  HsS. 


B.  L.  Johnson. 


do. 


B.  L.  Johnson In  quicksand  and  under  clay. 

] 

B.  L.  Johnaon Deepest  well  in  city  and  on  highest  land. 

I 
B.  L.  Johnson |  Odor  of  HiS. 

B.  L.  Johnson |  From  sand,  under  at  least  12  ft.  of  mottled  yellow  clay. 

B.  L.  Johnson 1 

B.  L.  Johnson , 


B.  L.  Johnson 

'  B.  L.Johnson 

'  B.L.Johnson I 

B.  L.  Johnson | 

!  B.L.Johnson 1  Strong  odor  of  UsS. 

B.L.Johnson < 

I  L.  W.Stephenson...    Probably  Cretaceous— Lafayette  contact. 
i  L.  W.  Stcpj^nson...  • 
,  B.L.Johnson ' 

B.L.  Johnson 

L.  W.  Stephenson ' 

I 
B.  L.  Johnaon { 

B.  L.  Johnson 1 


349 
378 
140 
398 
249 
249 


256 
460 
trace. 

43  ' 
0  I 


8.115 
6.021 

44 

8.374 

298 

24 


B.  L.Johnson 

L.  W.  Stephenson. . 

B.  L.  Johnson 

L.  W.  Stephenson.. 


SO4  greater  than  626.    First  water  drawn  after  well 


I  ttea 

had  been  standing. 
L.  W.  Stephenson  . . .    .After  pumping  20  minutes 

L.  W.  Stephenson 


331  '  0 

62  '     trace. 

12  I  0 

62  1     trace. 

360  '      0 


14  I  B.  L.  Johnson Odor  of  HjS. 

63   ,B.L.  Johnson 

30        B.L.Johnson 

50        B.  L.  Johnson 

I 

15  B.L.  Johnson 
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Table  1 — 

[P&rtsper 


No. 


Date. 


Source. 


S:^  ^- 


IroD 
(Fe). 


34 

Sept.  12. 1906 

35 

Sept.  12. 1906 

36 

Nov.  15. 1906 

37 

Oct.  23. 1905 

38 

Oct.  23. 1905 

99 

Nov.  10. 1905 

40 

Oct.  26. 1905 

41 

Oct.  26. 1905 

42 

Oct.  26. 1905 

43 

Oct.  24. 1905 

44 

Oct.  24. 1905 

45 

Oct.  25, 1905 

46 

Oct.  24. 1905 

47 

Oct.  21. 1905 

48 

Oct.  21. 1905 

49 

Oct.  25. 1905 

50 

Oct.  25. 1905 

51 

Oct.  23, 1905 

52 

Sept.  12. 1906 

53 

Sept.  15. 1906 

54 

Sept.  15. 1906 

55 

Sept.  8.1906 

56 

Sept.  J.  1906 

57 

Sept.  9.1906 

58 

Sept.  7.1906 

59 

Sept.  7.1906 

60 

Sept.  8.1906 

61 

Sept.  7,1906 

62 

Sept.  12, 1906 

63 

Sept.  14, 1906 

64 

Oct.  31, 1905 

65 

Nov.  2.1905 

66 

Oct.  31. 1905 

67 

Oct.  31.  1905 

Cabtirit  CoimTT— C«ii<iniied. 

Newport,  well  o!  W.  S.  Bell 

Newport,  well 

CaOWAN  OOUHTT— 

Edrnton,  flowing  well  of  Dr.  Ganoo 

CoLUiain  CovNTT— 
Bolton,  arteaiu  well  of  B.  W.  Brlnkley. 


73 
23 


01 
0 

39 


1 
trace. 


Bolton.  4  miles  northwest  of,  flowing  well  of  North  OaroUna 

Development  Go. 
Cronly.  artedan  well  of  Acme  Manufacturing  Go. 


Fairbluff.  flowing  well  of  J.  W.  Powell.  100  ft.  south  of  railroad 

Fairbluff.  artesian  well  of  M.  D.  Elvlngton.  250  ft.  north  of  nil- 
road. 
Fairbluff.  well  of  Andeieon  Hotel 


Hallsboro.  flowing  well  of  H.  B.  Short. 

Hallsboro.  well  of  H.  B.  Short 

Hallsboro,  flowing  well  of  Hall 

Lake  Waceamaw,  well  of  H.  B.  Short- 


Lake  Waccamaw.  flowing  well  on  north  shore  of  the  lake: 

A.  C.  L.  R.  R.,  owner. 
Lake  Waccamaw.  flowing  well  of  H.  B.  Short,  near  depot . 


165   . 

70   - 
278 
300 
200 

20  I 
125 

15 

85 

» 

80 
215 


Old  Dock,  flowing  well  of  L.  E.  Thompson 130-140 

185 


Vineland.  flowing  well  of  Columbus  Trading  Co..  75  ft.  south 

of  railroad. 
Wananith.  flowing  well  of  J.  P.  CooneQ 


Craven  Coumty— 
Blades,  well 

Cove,  deep  well  near  channeL 

Dover.  weU  of  Goklsboro  Lumber  Co... 

James  City,  weU  of  Hunger.  Bennett  k  James. 

New  Bern,  city  water  from  6  wells  at  pumping  station. 
New  Bern,  well  of  J.  P.Rodman... 


150 

18 

100} 

210 

38 

M 

72 


39 
39 
66 
5 
0 
17 


New  Bern,  well  at  James  and  PoUok  sts. shaUow. 

New  Bern,  3  wells  of  Pine  Lumber  Co... 48,49, 

50. 
New  Bern,  well  on  George  St.,  between  PoUok  St.  and  Treat      |  shallow. 

River. 
New  Bern,  well  of  W.  F.  Aberly 


North  Harlowe,  near,  flowing  well  of  Joshua  Adams. 

Rheims,  well  of  E.  F.  Arnold 

Cumberland  Countt — 
Fayette viUe,  pond ,  city  of  Fayetteville 


50 

no 

14 


35 

5 

5 

60 

22 


trace. 

traee. 

.5 

.2 

.5 

1-5 

tiaee. 
4 

trace. 
14 

tiaee. 

trace. 

tiaoe. 

trace. 

trace- 

tiaoe. 

trace. 
1 
0 

trace. 

trace. 
0 
1 
0 
0 

trace. 

trace. 


Fayetteville,  well  on  street  one  block  east  of  market-house shaUow. 


Oct.  31. 1905  I      Fayetteville,  spring,  one  of  many  feeding  city  pond. 
Fayetteville,  city  water  from  hydrant 


0 
0 


4 

traee. 
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Continued, 
MUlion.] 

Bicarbonate   Sulphate 
radicle         radicle 
(HCO«).        (S0«). 


273 
134 

174        trace. 


224 

162 

572 

174 

99 

25 

211 

50 

224 

199 

224 

224 

*298 

249 

199 

12 
224 

ouO 

83 

68 
122 

18 
152 
188 
108 
359 

12 

25 


13 
25 


0 
0 


0 
0 


Chlorine 
(CI). 


trace, 
traee. 

( 
trace. 

( 
trace. 


0 
0 
0 
0 
0 
0 


0  ^ 
0' 
0 


trace, 
trace, 
trace, 
trace, 
trace, 
trace, 
trace. 


0 
0 

0 

88 
0 
0 


15 


45 

14 

9 

74.7 
84 
24 
14 
14 
24 
14 
19 
14 
14 
14 
14 

9 

15 
10 
10 
13 
25 
14 
140 
29 
16 
14 
18 
20 

14 
99 
14 


Analyst. 


Remarks. 


Water  rises  to  within  8  ft.  of  the  surface. 

Two  aquifers;  one  at  200  and  the  other  at  300  ft. 

Water  rises  to  within  1  ft.  of  the  surface. 


B.  L.Johnson 

B.  L.  Johnson Pleistocene.    Considerable  iron  precipitated  before 

analysis. 

B.  L.  Johnson 


L.  W.  Stephenson . .  _    Water  rises  to  within  8  ft.  of  the  surface. 

L.  W.  Stephenson 

L.  W.  Stephenson.. 
L.  W.  Stephenson.. 
L.  W.  Stephenson  __ 
L.  W.Stephenson.. 
L.  W.  Stephenson.. 
L.  W.  Stephenson.. 
L.  W.  Stephenson.: 
L.  W.  Stephenson.. 
L.W.Stephenson.. 
L.  W.Stephenson.. 
L.  W.  Stephenson.. 
L.  W.  Stephenson.  . 
L.W.  Stephenson.. 


'  B.L.Johnson Pleistocene. 

I 

.  B.L.Johnson.. I 

B.  L.  Johnson Feedee  formation. 

I 
B.  L.  Johnson In  shell-rock . 

B.  L.  Johnson Eocene. 

B.L.Johnson 

,  B.  L.  Johnson 

'  B.L.Johnson 

I  B.L.  Johnson 

:  B.L.Johnson 

I  B.L.Johnson 

I  B.L.Johnson Pleistocene.    Slight  precipitation  of  iron  before 

analysis. 

I  L.W.Stephenson 

j  L.W.  Stephenson... 
I  L.W.Stephenson 


9        L.W.Stephenson 


*Carbonate  radicle  (COs)  46  parts  per  million. 
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Table  1— 
IParts  per 


No. 


Date. 


68 

Nov.  1,1905 

09 

Nov.  1.1905 

70 

Nov.  2,1905 

71 

Nov.  1,1905 

72 

Oct.  31. 1905 

73 

Oct.  31. 1905 

74 

Dee.  28. 1906 

75 

Nov.  22. 1906 

76 

Nov  21. 1906 

77 

Oct.  11. 1906 

78 

Oct.  11. 1906 

79 

Oct.  11. 1906 

80 

Oct.  11, 1906 

81 

Nov.  23. 1905 

82 

Nov.  22, 1905 

83 

Nov.  22. 1906 

84 

Nov.  24. 1906 

85 

Oct.  30. 1906 

86 

Oct.  30, 1906 

87 

Oct  31, 1906 

88 

Oct.  31. 1906 

89 

Dec.  28. 1906 

90 

Oct.  6,1906 

91 

Sept.  30, 1906 

92 

Nov.  3,1906 

93 

Nov.  3,1906 

94 

Nov.  3,1906 

95 

96 

Nov.  6,1905 

97 

Nov.  11,1905 

Source - 

CUMBBBLAND  COUNTT — ContiMud. 

F»yeltevlllc.  well  of  J.  M.  Wright 

F»yetteville.  well  at  ioe  factory 

Fayetteville,  well  of  Stephen! 

FayettcviUc,  Fountain  Head  Spring 

Hope  Mills,  flowing  well  of  Hope  Mills  Manufacturing  Co. 
Raeford,  well  of  Raef owl  Hotel 

CciUtlTUCK  COUNTT— 

Currituck,  well  at  courthouse , 

Dabb  Couktt— 

Manteo.  well  of  Tranquil  House 

DvpLiif  CouifTr— 

Bowdens,  well  of  Rdand  Lumber  Co 

Cabin,  well  near 

Chinquapin,  well  of  G.  B.D.Parker.. .: 

HallsviUe,  flowing  well  at  house  of  S.  0.  Middleton 

Kcnaniville,  Famous  Spring 

Magnolia,  2  miles  southwest  of,  natural  well 

Magnolia,  artesian  well  of  J.  A.  Mathls 

Magnolia,  artesian  well  of  H.  E.  Newbury 

Wallaoe,  flowing  well  of  Wallace  Manufacturing  Co 

Edobcombe  County— 

Conetoe,  well  of  C.  Wilson 


^^.  ^- 


Iron 

(Fe). 


237 
265 

190± 


Old  Sparta,  2  miles  southeast  of.  flowing  well  of  Mrs.  W.  0. 

Warren. 
Rocky  Mount,  6  miles  east  of ,  well 


Tarboro,  flowing  well  at  city  waterworks. .. 
Gatrs  CouifTT— 

Gatesville,  well  at  hotel- 

Greenk  Couktt — 

Snow  Hill,  well 

Speights  Bridge,  well  at  gin  of  J.  S.  Bynum. 
Halifax  Coxtstt — 

Enfield,  town  well 

Knficld,  well  at  Hanson's  drug  store 

Enfield,  well  at  graded  school 

Norfleet,  well  of  Patapsco  Guano  Co 

Harnett  Countt — 

Dunn,  city  well 


170 
32 

12 

15 

213 

15i: 

176 

106 

0 

0 

300 

230 

80-90 

24 

84 
61 
73 

22 


traee. 

1  5 
tnee. 
tnee. 

2 
trace. 


17 
22 
17 
17 


tcaoe. 

0 

0 

0 

0 

15 
trace. 

.5 
trace. 

0 

0 

tiaoe. 

3 


0     traer. 


22 
22 


20-25 

5 

0 

58 

22 

0 

200 

39 

5 

20 

22 

trace. 

115 

39 

5 

n-,' 

Spout  Sprines.  strong  spring  at  base  of  second  railroad  cut 

north  uf  the  station. 


434 


traee. 
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Continued. 

Million.] 

Bicarbonate 
radicle 
(H(X)«). 

Sulphate 
radicle 

(SOO. 

348 

1 

0 

348 

0 

334 

0 

•     25 

0 

249 

160 

0 

trace. 


Chlorine 
(CI). 


Analyst. 


Remarks. 


36 

trace 

• 

35 

149 

0 

14 

12  1 

0 

49 

249 

0 

94 

227 

0 

10 

13 

0 

25 

199 

trace 

• 

19 

199 

0 

14 

199 

0 

14 

298 

0 

19 

12 

0 

19 

199 

0 

19 

12 

0 

50 

144 

1 
0 

45 

119  L.  W.  Stephenaon Said  to  be  from  date  roclc. 

34  L.  W.  Stephenson  ...         do. 

34  L.  W.  Stephenson From  Patuxent  formation. 

14  L.  W.  Stephenson ...  From  Iftfayette  formation . 

39  B.L.Johnson 

14  B.L.Johnson. 

0         B.  L.  Johnson 

B.  L.Johnson 

L.  W.Stephenson... 

B.  L.Johnson 

B.  L.  Johnson 

B.  L.Johnson 

B.  L.  Johnson 

L.  W.  Stephenson. . .    A  limestone  sink;  water  level  is  about  30  ft.  below  the 

surface.    No  outlet  to  well. 
L.  W.  Stephenson.  _ .    Water  rises  to  within  14  ft.  of  the  surface. 

L.  W.  Stephenson  _ .  _    Water  rises  to  within  25  ft.  of  the  surface. 

L.  W.  Stephenson ... 


B.  L.  Johnson 

B.  L.Johnson 

B.  L.  Johnson 

B.  L.  Johnson Iron  precipitated  before  analysis. 


24 


19 


B.  L.  Johnson. 


12       trace. 
146  0 


61         B.  L.Johnson.. 
15         B.  L.  Johnson.. 


286                 0  15  B.L.Johnson In  granite. 

I  trace.  217  B.L.Johnson 

323  trace.  15  B.L.Johnson In  granite. 

♦246  trace.  30  B.  L.  Johnson The  water  is  drawn  from  the  170-ft.  level. 


199 
12 


trace. 


29         L.  W.  Stephenson. 
9         L.  W.  Stephenson. 


.-    In  rock. 


♦Carbonate  radicle  (CO3)  12  parta  per  million. 
32 
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Tarle  1— 
[Parts  per 

No.         D.t«.                                                  S<««e.  £»g*.    Color.      ('™ 

HsBTromo  Countt— 

98     Nov.lO.  liMG        Tunis,  flowing  well  of  K.  R.  Isnel 105 

Htdb  Coumtt — 

09     Nov.  26, 1906        F»lr6eld,  well  of  J.  C.  Bumia 80 

100  Dec.  10,1906        Mlddleton,  well  of  J.  M.  HaU 196 

Johnston  Couhtt— 

101  Dec.    3,1905        SmithfieU,  well  of  Hood  Broe 110 

102  Dec.    3,1905        Smlthfield,  city  well  at  Third  and  Market  sts 106 

103  Sept.28,1906        Smlthfield,  driven  well 15± 

104  Scpt.28,1906        Smlthfield,  L.  A.  Mimn's 63 

JONKS  Cquhtt— 

105  Sept.  20, 1906        Comfort,  well  of  C.  A.  Rhodea. 80 

106  Sept.  22, 1906        Mayiville,  well  of  A.  J.  Collins 68 

107  Sept.  20. 1906        PoUoksville,  weU  on  Main  St. 30± 

108  Sept.  20, 1906        Trenton,  well  of  Mrs.  V.  Peny 123 

Lenoib  Countt— 

109  Oct.    9,1906        Kinston,  city  flowing  well 308 

110  Oct.    9, 1906        Kinston,  5i  miles  southwest  of,  flowhig  well  of  Jesse  Jackson  . .  228 

111  Oct.    8, 1906        Kinston,  2  miles  north  of,  well  on  terrace  escarpment Khallow. 

112  Oct.    5,1906        LaGrangc.  well  of  Robert  Jones 25 

113  Oct.    5. 1906        LaGrange.  4  miles  east  of.  flowing  well  of  F.  R.  Hodges 96 

Martin  County— 

114  Oct.  10, 1906        Wllliamston,  well  of  Hassell  House 15    ,          22     tJa«. 

Moore  Countt— 

115  Nov.   1,1905        Southern  Pines,  from  ten  wells  of  city  waterworks 45± 2 

116  Nov.    1,1905        Southern  Pines,  well  of  Dr.  Sweet 100     2 

Nash  Countt— 

117  Nov.  2,1906        Nashville,  well  at  courthouse 20                5             0 

lis     Nov.  2,1906        Springhope,  east  of,  well 15                5             0 

New  Hanover  County— 

119  Oct.  14. 1905        Castle  Haync.  artesian  well  of  Wm.  Hann.  near  depot 21 13 

1 20  Oct .  14 ,  1905        Castle  Hayne,  artesian  well  of  W.  H.  Shearrin,  near  depot 70     1 

121  Oct.  12,  1905         Greenville  Sound,  well  of  C.  W.  Worth 152     I 

122  Oct.  14.  1905         Wilmington,  spring  near  Front  and  Wright  sts 0 3 

123  Oct.  14,  1905         Wilmington,  well  of  Clarendon  Water  Co.  at  Hilton  Park 0      16 

124  Oct.  14,1905        WilminKton,  well  on  Surry  St.  near  Meares  St 80     1 

125  Oct.  14.  1905         Wllmington,city  well  at  City  Hall 70      trace. 

126  Oct.  14,  1905         Wilmington,  sprinR  flowing  Into  quarry  near  base 0      5 


tiaec. 

0 

4 

96 

trace. 

12 

12 

22 

0 

22 

0 

45 

0 

67 

1 

5 

0 

17 

0 

22 

0 

0 

5 

0 

17 

0 

17 

0 

WATBB  SB80T7BCB8. 
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Continued. 
MiUlon.) 

(HCOj).        (S0«).  ^^^* 


Analyit. 


Reouu-ks. 


744 

0 

19S 

909 

0 

208 

99 

traee. 

14 

100 

tr»oe. 

14 

0 

0 

15 

38 

trace. 

10 

112 

tnoe. 

45 

244 

0 

20 

211 

trace. 

101 

211 

0 

20 

112 

0 

15 

124 

0 

9 

0 

0 

10 

6.1 

0 

44 

49 

0 

9 

50        B.  L.  Johnaon. 


B.  L.  Johnaon. 


L.  W.  Stepbenaon 

L.  W.  Stephenson 

B.  L.  Johnun In  sand  under  clay. 

B.  L.  Johnson In  ilate. 

B.  L.  Johnaon 

B.  L.  Jcdmaoa Develops  color  and  bad  odor  In  bottle.     In  Umeatooe. 

B.  L.  Johnaon 

B.  L.  Johnaon 

B.  L.  Johnaon 

B.  L.  Johnaon 

B.  L.  Johnaon 

B.  L.  Johnaon. 

B.  L.  Johnaon 


trace. 


64        B.  L.  Johnson. 


0 

0 

14 

0 

0 

14 

12 

0 

111 

0 

0 

10 

298 

0 

24 

298 

0 

19 

274 

0 

84 

224 

38 

74 

440 

530 

6.839 

149 

0 

34 

149 

0 

29 

118 

trace. 

27 

14        B.  L.  Johnson. 
14        B.  L.  Johnaon. 


B.  L.  Johnson In  decomposed  rock. 

B.  L.  Johnson 

L.  W.  Stephenson.  .  .    Water  riaea  6  ft. 
L.  W.  Stepbenaon.  ._    Water  riaea  58  ft. 
L.  W.  Stepbenaon  ... 

B.  L.  Johnaon Eocene  Umeatone  rock. 

B.  L.  Johnson 

B.L.Johnson 

B.  L.  Johnson 

B.  L.  Johnaon 
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Table  1 — 
{Parts  per 


No. 


Date. 


127 

Oct.  14. 1905 

128 

Oct.  14. 1905 

129 

Oct.  14. 1905 

im 

Oct.  14. 1905 

131 

Oct.  14. 1905 

132 

Nov.  10, 1905 

133 

Nov.  13. 1905 

134 

Nov.  13, 1905 

135 

Nov.  13. 1905 

136 

Nov.  13. 1905 

137 

Oct.  12, 1906 

138 

Nov.  7,1906 

139 

Nov.  6,1906 

Source. 

New  Hanover  Countt — Continued. 
WUmingtoD.  tpring  in  Hilton  Park,  near  Clarend<m  Waterworks 

Wilmington,  well  of  Clarendon  Waterworks  in  Hilton  Park 

Wilmington,  well  in  ioe  factory  of  W.  E.  Worth  &  Co 

....do. 


Depth 
in  feet. 


Color. 


Iron 
(Fe). 


1.330 

79 

101 


Wilmington,  spring  at  foot  of  Chestnut  St 

Wilmington,  well  of  Chadboura  Door  and  Lumber  Co. 


140  Sept.  24. 1906 

141  Sept.  25. 1906 

142  Sept.  24, 1906 

143  Sept.  21. 1906 

144  Sept.  22. 1906 

145  Sept.  22, 1906 

146  Sept.  19. 1906 

147  Sept.  20, 1906 

148  Oct.  27. 1905 

149  Oct.  27.1905 

150  Sept.  18. 1906 

151  Sept.  19. 1906 

152  Sept.  18. 1906 

153  Nov.  16. 1905 

154  Nov.  16,  1905 

155  Nov.  24. 1905 

150  Oct.  26. 1906 

157  Oct.  27, 1906 

158  Oct.  27, 1906 


Wilmington,  well  of  Angolft  Lumber  Co., }  mile  northwest  of 

waterworks. 
Wilmington,  1  mile  east  of.  artedan  well  of  Delgado  Cotton  HiU 

Wilmington,  artesian  well  of  E.  L.  HoUoway.  Fifteenth  and 

Market  sts. 
•  Wilmington.  1  mile  east  of.  reservoir  fed  by  spring*  of  Delgado 

Cotton  Mill. 
Wrightsville  Sound,  well  of  Consolidated  Light  and  Power  Co. . 

Northampton  Couhtt— 

Jackson,  well  of  J.  E.  Moore.. 

MargRrettsville 

OhBLOW  CotJNTT— 

Jacksonville,  well  of  H.  A.  Jarman 

Jacksonville,  flowing  well  of  F.  W.  Hargett 

RicUands,  2  miles  south  of.  well  of  W.  B.  Venters 

Rlchlands,  well  of  W.  H.  Francks 

Swansboro,  well  of  E.  W.  Mattocks 

Swansboro,  well  of  Swansboro  Land  and  Lumber  Co 

Pamlico  Countt — 

Arapahoe,  well  in  sandhill  region.. 

Bayboro.  well  in  front  of  courthouse < 

Florence,  artesian  well  of  A.  A.  Cohen 

Florence,  city  water  from  hydrant 

Hobucken,  well.. ^ 

Oriental,  well  of  A.  W.  Haskins 

Vandemere,  flowing  well 

Pender  County — 

Hill  Creek,  flowing  well  of  Ed.  Sellers  on  east  bank  of  Black 

River. 
Atkinson,  well  of  the  Jones  House - 


88 
60 
90 
42 


172 

32 
163 


150 
125 
shallow. 
28r 
62 

T 

52 

350 


Willard,  artesian  well  of  J.  M.  Johnson 

5lTT  COXJNTT — 

Farmville,  well  of  C.  L.  Barrett 

Greenville,  two  wells  at  Ice  factory 

Greenville,  three  flowing  wells  at  Cox's  distillery. 


9 
32 
65 

75 
30d: 
135 

65 
157 
101-114 


5 
39 

5 
45 

5 
22 

5 
17 

17 
62 


185  + 
17 
39 


52 
27 


trace. 

3 

12 

12 

trace. 

.5 

.5 

traee. 

3 

.7 
4.5 

trace. 
2 

0 

trace. 

0 

0 

0 
tnce. 

0 

trace. 

14 

2.5 
tiMe. 

0 

0 

trace. 

.5 
.5 

1.5 
trace. 
0 
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Continued, 

MilUon.] 

■•                                             -       ~                                                                 "                             ~ 

Bicarbonate 

radicle 

(HCOi). 

Sulohate 
radicle 
(SO4). 

Chlorine 
(CI). 

Analyst. 

Remarks. 

50 

0 

19 

L.W.Stephenaon... 

398 

530 

7,218 

L.  W.  StephenaoQ... 

249 

0 

109 

L.  W.Stephmson... 

Water  rises  4  ft.  above  high  tide. 

273 

0 

128 

L.W.Stephcniioii.._ 

do. 

249 

50 

64 

L.  W.  Stephenson... 

199 

0 

44 

L.  W.  Stephenson... 

174 

trace. 

39 

L.W.  Stephenson... 

199 

0 

19 

L.W.  Stephenson... 

Water  rises  to  within  8  ft.  of  surface. 

174 

0 

19 

L.  W.  Stephenson.  .  . 

Water  rises  to  within  17  ft.  of  surface. 

99 

0 

14 

L.  W.  6tei)bensoa.  .  _ 

261 

0 

131 

L.  W.  Stephenson... 

Flows  a  few  feet  above  tide. 

20 

0 

15 

B.L.  Johnson. 

112 

trace. 

15 

B.  L.  Johnson. 

• 

49 

0 

15 

B.  L.Johnson 

447 

0 

20 

B.L.  Johnson 

Odor  of  HsS. 

136 

trace. 

15 

B.L.  Johnson 

In  limestone. 

12 
61 

0 
trace. 

20 
5 

B.  L.Johnson 

■R,  L.  Jnhnqnn 

In  sand  below  clay.    Lower  water4iearing  portion  of 
Pleistocene. 

211 

0 

25 

B.L.Johnson 

12 

0 

15  • 

B.  L.  Johnson 

366 

0 

20 

B.L.  Johnson , 

1 

Has  bad  odor. 

74 

traoe. 

14 

L.  W.StephennoD... 

Water  rises  to  within  24  ft.  of  surface. 

174 

trace. 

54 

L.  W.  Stephenson... 

12 

0 

38 

B.L.  Johnson 

100 

traoe. 

20 

B.L.Johnson. 

435 

1 

0 

20 

B.L.  Johnson 

OdorofHiS.    Drilled  below  sea  level. 

423 

trace. 

258 

L.  W.Stephenson... 

4  miles  east  of  Atkinson. 

26 

0 

14 

L.  W.Stephenson... 

^8 

0 

14 

L.  W.Stephenson... 

Rises  to  within  20  ft.  of  surface. 

87 

0 

15 

■ 

B.L.  Johnson 

• 

162 

trace. 

15 

B.L.  Johnson 

^' 

0 

15 

B.L.  Johnson 

1 
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Table  1 — 
(Parts  per 


No. 


Date. 


150 

Oct.  27. 1000 

100 

Oct.  27. 1900 

101 

Oct.    8.1000 

102 

Oet.    8.1000 

103 

Oct.  28. 1905 

104 

Oet.  31.1900 

106 

Oet.  24. 1906 

100 

Oct.  20. 1905 

107 

Oct.  31, 1905 

108 

Not.  16. 1905 

100 

Nov.  18. 1905 

170 

Nov.  20. 1905 

171 

Not.  20. 1905 

172 

Nov.  10. 1905 

173 

Nov.  20, 1905 

174 

Nov.  20, 1905 

175 

Nov.  13, 1900 

170 

Oct.  22. 1906 

177 

Oct.  22. 1906 

178 

Oct.  27, 1906 

179 

Oct.    3,1906 

180 

Oct.    3,1906 

181 

Oct.    5,  1906 

182 

Nov.  21,  1906 

183 

Nov.  21, 1906 

184 

Nov.  21.  1906 

185 

Nov.ai,  1906 

18C 

Dec.  If),  1906 

187 

Dec.  16,  1906 

188 

Dec.  16,  1906 

Soiifoe. 

Pitt  Cocirrr — Contmrnd. 

GnenTlUe,  flowtDg  well  %i  Cox'a  ditunenr 

GnenTiBe,  flowing  well  of  American  Tobacco  Co.. 

Grifton,  well  of  W.  Q.  Qurii 

Grifton,  town  well  near  bridte 

RiCmOBI)  GOUMTT — 

Hamlet,  well  of  E.  A.  Uckey 

ROBMOR  CoiJlfTT— 

Dillon,  Varion  County.  8.  C,  well  of  J.  H.  DaTls. 

Lumbeiton,  well  on  old  fair  groimda.. 

Nieliols,  village  flowing  well  near  the  postoffice... 

SeUen,  flowing  wen  at  Khoolhouae. 

Samvsob  ConifTr— 

Alpine,  flowing  well  of  F.  R.  Coibett 

Clear  Run,  flowing  well  of  A.  J.  Johnaon 

Clinton,  city  well 

Clinton,  well  of  Montague  Hotel 

iTanboe,  flowing  wdl  of  Mrs.  V.  C.  MeMillan 

Kennedy's  Mllb,  flowing  well  of  J.  J.  Kennedy. .. 

Thomas,  flowing  well  of  J.  E.  Rich 

Ttrrell  Countt— 

Columbia,  well  of  B.  F.  Cox 

WABHniaTOM  Couirrr — 

Plymouth,  town  well — 

Plymouth,  well  of  LcTy  Blount 

Roper,  flowing  well  of  T.  W.  Blount 

Watne  Countt — 

Goldsboro,  5  miles  north  of,  well 

Goldsboro,  flowing  m'cII  of  E.  B.  Borden 

Goldsboro,  well  at  Southerland  Stables 

Mount  Olive,  in  vicinity  of,  well  of  D.  L.  Flowers. 

Mount  Olive,  in  vicinity  of,  well  of  W.  F.  Ibrtln.. 

Mount  Olive,  in  vicinity  of,  well  of  W.  J.  Flowers. 

Mount  Olive,  in  vicinity  of,  well  of  Asher  Flowers. 
Wilson  Countt— 

Elnj  City,  near,  dug  well .^ 

Wilson,  well  of  Clark  Plate  Ice  Co , 

Wilson,  well  at  Pepsi-Cola  Bottling  Works , 


Depth      p  .^,         Imo 
In  feet.     ^'°'^-       (Fc). 


40 

27 

0 

70 

40 

trace. 

100 

22 

0 

125 

22 

0 

25     -. 

2 

316     .. 

0 

52     .. 

1 

170     -. 

trace. 

2607    .. 



1  2 

71     .. 

timoe. 

72     - 

1 

10±  .. 

timee. 

22±.. 

trace. 

65±  .. 

7 

44     -. 

1  5 

76     - 

trace. 

22     .. 

tnce. 

190± 

35 

0 

22 

22 

0 

225+  -- 

0 

22 

23 

0 

35 

22 

0 

? 

22 

0 

151      -. 

trace. 

72     .. 

2 

43     -. 

6 

40     -. 

3 

sUUow. 

27 

trace. 

216 

22 

ti»ce. 

200 

42 

tiaee. 

jf.^ 
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Continued, 
MUlion.] 


Bicarbonate 

radicle 

(HCOi). 

Sulpliate 
radicle 
(SO4). 

0 

timoe. 

136 

trace. 

174 

0 

174 

0 

Chlorine 

(CI). 


Analyst. 


Remarks. 


15  B.L.  Johnson 

35  B.L.Johnson 

10  B.  L.  Johnson In  shell-rock. 

14  B.L.Johnson 

10        B.L.Johnson 

.    In  Marion  County,  S.  C,  but  conditions  siiiiilar  to  tluMe 
in  Robeaon  County,  N.  C. 

1   In  Marion  County,  S.  C,  but  conditions  similar  to  those 
j       in  Robeaon  County,  N.  C. 


122 

0 

10 

L.  W.  Stephenson 

* 

140 

0 

14 

B.  L.Johnson 

00 

0 

14 

L.  W.  Stephenson 

122 

0 

14 

L.  W.  Stephenson 

211 

0 

10 

L.  W.  Stephenson 

m 

trace. 

10 

L.  W.  Stephenson 

122 

0 

132 

L.  W.  Stephenson 

m 

0 

40 

L.  W.  Stephenson 

240 

0 

14 

L.  W.  Stephenson 

25 

0 

10 

L.  W.  Stephenson 

50 

0 

10 

L.  W.  Stephenson 

4  miles  north  of  Thomas. 


40 


307 

trace. 

178 

158 

trace. 

103 

648 

trace. 

138 

24 

0 

15 

62 

0 

10 

24 

trace. 

30 

112 

0 

10 

48 

0 

10 

25 

0 

14 

37 

0 

10 

10 

0 

25 

137 

trace. 

5 

124 

trace. 

5 

25        B.L.Johnson 

B.  L.  Johnson Odor  of  HsS. 

B.  L.  Johnson In  sand  and  under  c!ay. 

B.  L.  Johnson 

B .  L.  Johnson In  sandy  slate. 

B.  L.Johnson 

B.  L.  Johnson 

L.  W.  Stephenson In  Fatuxent  formation. 

L.  W.  Stephenson In  Black  Creek  formation. 

L.  W.  Stephenson 

L.  W.  Stephenson.. .    In  Black  Creek  formation. 

B.  L.  Johnson In  sand  below  clay. 

B.  L.  Johnson In  granite. 

B.  L.  Johnson do. 
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Table  2— MINERAL  ANALYSES  OF  NOUTIl 

[Parts  ptr 


^0-   ^-  «<"""■  .  s^c  (fe  i^.  "(Sr  z 


Bbautost  Couktt— 

1    Belhaveii,oneof  three  wellflof  the  Intentate  Cooperage  Co. 

2   Bclhaven,  well  of  Bclhaycn  loe  Co 

3   LeechvUle,  3  miles  north  of  well  of  D.  C.  Way  Co. 

4   Washioffton.  well  of  Washington  Municipal  Electric  Ucht     00-100 

and  Power  Co. 

5   Washington,  3  miles  northeast  of  Cowfaead  Spring 


100 

14 

0.3 

50 

17 

96 

37 

14 

81 

22 

308 

2.3 

12 

16 

100 

5.6 

1.2 

88 

5.2 

50 

4.3 

12 

19 

6.6 

traee. 

0 

6.4 

7.0 

0 

31 

5.6 

84 

598 

40 

0.4 

1.7 

27 

4 

BssTii  CotruTT— 

6   Windsor,  flowing  well  at 250        16  0.3         1.4     tact 

Bladen  Couhty— 

7   Bladenboro.  flowing  well  near  bridge  R.  S.  and  H.  C 6.6      traee.  0  S 

Brunswick  Countt — 

8   Fort  Caswell,  well  No.  1 800 

9   Fort  Caswell,  well  No.  2 1,442 

10   Quarantine  sUiion.  well  at* 400 

11   do 

12   do 

13   do 

14   do 

15   do 

16   do 

17    do 

18   do 

10   do 

20   J       .---do 

21    -do 

22   do 

23   .    ...-do 15  trace.        57  ^* 

Chow.\.v  County— 

24   Edcnton,  well  city  waterworks 212  8.6  0.4        86  i' 

« 

Columbus  Countt— 

25  Dec.  13, 1906        Lake  Waccamaw,  flowing  well  on  shore  of  lake 80  9.4      traoe.         29  1- 

Cr.wbn  County — 
28     Dec.    5,1906        New  Bern,  well  of  New  Bern  Ice  Co 38  8.4  0  1       137  6^ 

Dark  County — 
27     Nov.26.  1906        Hattcra.s,  well 6  8.8    10        "  ^ 

♦For  explanation  of  tosts  10  to  23  inclusive,  see  p.  485. 


WATER  RESOUBGES. 


505 


CAROLINA  COASTAL  PIAIN  WATERS. 

Million.] 

So*"!"''      bS^te    SSS;    S^'«,  N''»f  Chlorine 
potassium       ^^    «;^il     radicle     radicle       /r^r 

<N»+K).       ^*   (S^_    (SO.).     (NO.).      («>• 


101     +6.5     trace.      493 


20 


105+2 


39     +     .5 


trace.      183 


427 


20 


2.8 


0 

92 

+  7 

trace. 

475 

trace. 

.16 

25 

185 

13       .. 

298 

+38 

122      .. 
53 

31 

'114 

9.4+     .9 

23 

175 

+  12 

26 

342 

60 

.06 

8.8 

39 

trace. 

.03 

4.963 

67 

122 

22       .. 

6.343 

1.037 

27       .. 

100 

71 
305 
326 
245 
220 
205 
195 
193 
189 
188 
187 
188 
192 
190 

43 

■ 

' 

165 

+  trace. 

6.9   .. 

.06 


36  12 


9  7        23 


9 

16 

146 

45 

7.4 

38 


0™ic:    ToU.1 


Analyst. 


Remarkfi. 


472  '  J.  R.  Evans 

308  I  Harrison  Safety 
Boiler  Works  (?) 
I.IOO    F.P.  Venable... 


8.9 


Miocene. 


PO4.  trace.  Mn6. 


353     Dearborn  Labo- 
I      ntorles. 
F.  P.  Venable . . .    Mn  5 A    PO4  0.3. 


567     J.  R.  Evans. 


62 


J.  R.  Evans 


Odor  of  HaS. 


7.840 



13.330 

J.  R.  Evans 

10.400    I 

17.634 

J.  R.  Evans 

168     '       364 

J.  R.  Evans 

10:54  A.  M. 

7.300 

J.  R.  Evans 

10:57  A.  11. 

8.800 

J.  R.  Evans 

J.  R.Evans 

11:00  A.  M. 

460 

•  «•■••*** 

11:05  A.  M. 

285 

J.  R.  Evans 

J.  R.  Evans 

11:10  A.M. 

280 

11:15  A.  M. 

256    ' 

J.  R.  Evans 

11:20  A.  M. 

250 

1 
1 

J.  R.  Evans 

J.  R.  Evans 

11:25  A.  M. 

245 

11:30  A.M. 

245 

J.  R.  Evans 

11:35  A.  M. 

240     ! 

t 

J.  R.  Evans 

11:40  A.  M 

235 

1 
1 

J.  R.  Evans 

11:45  A.  M. 

240 

J.  R.  E\'an9 

11:50  A.  M. 

242     

1 

600 

J.  R.  Evans 

12:00  M. 

2 

540 

J.  R.Evans 

4.5 154 

i 

J.  R.  E\'ans 

129     

638 

J.  R.  Evans 

38 

117 

J.  R.  Evana 
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Tabi.i.  2- 


V/v  rwt^  <5ot.ri^  I^P^*»      Silica        Iron      Cklcium    *^ 

'^®-  "•^-  ^"^^^  in  feet.     (SiOi).      (Fe).        CO*).        "jf. 


13 

6.2 

0  2 

9.S 

n 

308 

8.4 

0.0 

3.1 

tr»-t 

Halvix  Couott— 

28   Littleton,  1  mile  north  of  Hygela  Spring 24  3.2          2.3          j       ! 

29   Pfcn*oe»,  PtaUMje*  Spring* 29  14              2       i 

30   do 15  5              1. 

Hnirow)  Countt-- 

31   1      Murfreesboro,  11  miles  from  Lawienoe  Spring  No.  1 24  1.1           3.7          iA 

32 do 20  1.5          5.1           II 

33   Morfneeboro,  fftir  groimdt  (Wtae)  ipring 21  1.3          6  5          IT 

Htde  CouHTr— 

34  Nor.26.1906        FaiHield,  weU  of  J.  A.  Hun 240  10  4  50            9^ 

35  Nor.26,1906        Middleton.  public  Sowing  well 204  15  12              6  5 

JORMSTOR  CoUHTT— 

36  Aug.  17. 1907        Belma.  weU  at  faetory 4  2        27  i: 

Lbnoib  Codntt — 

37  Dec.    6.1906        Klnrton,  well  of  J.  H.  Bell 

38  Dec.   6,1906        Kln«ton,  city  well 

HOORB  COUNTT— 

39  Dec,   3,1906        Southern  Pines,  well 100  7.2  0.0  1.1      tra-»-. 

New  Hamovbr— 

40  Dec.  12. 1906        Wilmington,  flowing  salt  well.  Clarendon  W.  W |^}^~  6.8  0.7       142  3r' 

41  Dec.  14. 1906        Wilmington,  well  of  Universal  Oil  and  Fertiliser  Co 5.4  0.0        56  0^ 

Onslow  Countt — 

42    Catharine  Lake,  U  miles  south  of  Catharine  Lake  Spring 22  2  2         16  :: 

Pitt  Countt— 

43  Dec.    6.1906        Greenville,  flowing  well 100  6.8  0.1         15  If 

Robeson  Coitntt — 

44  Dec.    2,1906         Red  Springs,  flowing  well 102 

45    Red  Springs,  mineral  spring  No.  1 

46    Red  SprinRSi  mineral  spring  No.  2 

47    Red  Springs,  flowing  well  No.  1 

48    Red  Springs,  flowing  well  No.  6 T  13  5.0  1.8  0^ 

Richmond  Countt — 

49    Rockingham,  12  miles  north  of  EUcrbe  Spring. ?  30      ,        2.8         15  4* 

*  i 

S.^MPsoN  Countt— 

50  Dec.  14.  1906        Clear  Run,  west  of  Black  River,  well 85  4.8  0.0         24  "' » 


2.4 

2 

1.3 

0  * 

8 

7  2 

2.1 

1  4 

11 

10 

34 

,»  ^ 

13 

5.2 

IS 

1 

WATEB  SES0UBCE8. 
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Continued. 
Million.] 


Sodium  ftnd     uSlf**    >^^I    Sulphate  Nitrate   /lur^^n.  Organic 
(xSa+K).       ^5J*   ^ggg*      (SOO.     (NO,).       ^^^-      volatile. 


Remarks. 


0.6+  3.7 
28    +10 
3.5 

2.4  + trace. 
3.4+     .7 
21     +  1.1 

2,027    +  9.6 
477    +  4.6 


15 

37    +   1.6 

3  4 

5,1S6     +40 
43 

3.2+     .5 


21 

2.9+  2.0 
2.6+  3.1 
2.4+24 

1.6+     .2 


0 
14 


6.2+  3.1       41 


0 

7.2 


4.8 


47     +  1.5      22 


0 
30 
44 


1 

0.5   

7.9   

1       0.4   

20       

1      13      1 

6.7  1 

751 
818 


30 
107 


7.6 


317 
18 

3.9 

II 
0 

4.1 


361      I    404 


205 


3.3 


7.8 


146 


22 


115 


6.6 
2.4 
2.9 
2.3 

1.8 
5.7 
39 


4 

6.4 
18 


I 


.23  2.860 
.13      210 


.08 
.02 

.15 


9,7 

44 
3 

0.5 


.03  ,7.400 
.08        42 


6.2 


.16 


.10 


15 
1.3 

.7 


F.  P.  Venabte. . .    MnO  .4. PO^  12. 

Mn0.17.    Al.2.9 
Mn2.9. 


F.  P.  Venable. 


.1  F.  P.  Venable. 
.  F.  P.  Venable. 
.   F.  P.  Venable. 


4,768  I  J.  R.  Evans 

1,179  I  J.  R.  Evans 

F.  B.  Carpenter. 


155     J.  R.  Evans. 
J.  R.  Evans. 


28     J.  R.  Evans. 

14,752     J.R.Evans. 
272     J.  R.  Evans. 


200  yds.  from  sprtns  No.  2. 

PO4,  trace.   Mn2.S. 
Mn  1.8. 

Hn3.4.    PO4.  trace. 


F.  P.  Venable.. - 


Mnl.8.    PO4I3. 


J.  R.  Evans. 


9.2 


64     J.  R.  Evans. 


Dancyand 

Harris. 

2.6   Dancyand 

Harris. 
8    F.  P.  Venable., 


4.4    F.  P.  Venable. 


F.  P.  Venable. 


H*S.  trace.  Mn  l..i.  I'ipe 
driven  20  to  25  ft.  in 
ground. 


.00  8.5 


165     J.  R.  Evans. 
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No. 


Dale. 


Source. 


Depth 
In  feet. 


Silica 
(SiQi). 


Watnk  CouJTTr— 


5i 


Seven  Springs,  fleven  Bpringa  within  space  10' by  5',  Spring 15 

No.  1. 

52   Seven  Springs,  seven  Bprlngs  within  space  10' by  5',  Spring 14 

No.  2. 

53    SevenSprings,  seven  springs  within  qiace  10' by  5',  Spring 15 

No.  3. 

54    Seven  Springs,  seven  springs  within  qxioe  10' by  5',  Spring 15 

No.  4. 

55    SevenSprings,  seven  springs  within  q)ace  10' by  5',  Spring 16 

No.  5. 

56    SevenSprings,  seven  springs  within  sittoelO' by  5',  Spring 

No.  6. 

57    Seven  Springs,  seven  springs  within  space  10' by  5',  Spring 

No.  7. 


13 

17 


WlUON  COUKTT — 

58     Dec.  16. 1906        Moyeton,  near,  flowing  well . 


9  2 


Table  2— 
[Parts  ptr 


Iron       Oaldiun    **P^ 
(Fe).        (Ca).       ^ 


4 

2  S 

3  5- 

2.6 

25 

1  . 

1.7 

1  9 

J.j 

3.2 

17 

1 :. 

1.4 

2  7 

I  i 

1.8 

2.7 

0.* 

4.5 

2.S 

!.■ 

tnkce. 


16 


WATEB  RESOUSGES. 
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Continued, 
MiUion.] 


Sodium  and 
potaasiuni 
(Na+K). 


bSSie  SSl;  ^^^  NJi^J^  Chlorine  ''^f-  "dt* 
rmdido  radide  W^  ""iff  (CI).  J^f.,  aolved 
(OOi).   (HCOi).    ^^^"^      (NO,).  volatUe.    ^,j^_ 


Analyst. 


Remarks. 


3.4+    .5 :.... 

2  0+     .7 

4.5+  1.0  

3.1+  1.2 

2.7+  0.6  

3.0+  0.7  

2.7+  0.5  

60+3  207  16 


11  6.4  F.  P.  Venable.. 

12  *     4.6  F.  P.  Venable- 

9.2  7.0  '  F.P.Venablc. 

6.8  4.8  F.P.VenaWe.- 

12  4.2  F.P.Venablc.. 

U  4.6  F.P.Venablc.. 

12  4.2  P.  P.  Venable 

.16  17  276  J.  R.  Evans.. 


ICn,  trace. 

Mn,  trace.    PO4,  trace. 

Mn,  trace.    PO4,  trace. 

Mn,  trace.    PO4.  trace. 
.    Mn,  trace.    PO4,  trace. 
.   P04,  trace. 
.   P04,  trace. 
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Abbe,  Cleveland    (Jr.) GO 

Abbottsburg,  wells  at 372 

Aberdeen,  wells  at 434 

Abert,  S.  T 59,  330 

Age  of  basement  rocks  in  Coastal  Plain 349 

Albertson,  well  at 401 

Alligator,  well  at 472 

Alpine,  assays  of  waters  from 502 

wells  at   408 

Appalachian  region,  physiography  of 24 

Blue  Ridge   24 

Smoky  Mountains   24 

Arapahoe,  assays  of  waters  from 500 

well  at  451 

Area  of  State 23 

Artegla,  well  at 287 

Artesian  conditions  of  Coastal  Plain  rocks 349 

Artesian  prospects  of : 

Beaufort  County  * 365 

Bertie  County  \ 369 

Bladen  County 371 

Bioinswlck  County   375 

Camden  County  377 

Carteret  County   379 

Chowan  County    383 

Columbus  County   387 

Craven  County   391 

Cumberland  County  395 

Currituck  County    398 

Dare   County    399 

Duplin  County   401 

Edgecombe  County  403 

Gates  County  405 

Greene  County  409 

Halifax  County   413 

Harnett  County  415 

Hertford  County  416 

Hyde  County    419 

Johnston  County  423 

Jones  County   427 

Lenbir  County   431 

Martin  County 433 

Moore  County    43.") 

Nash   County    430 

New  Hanover  County 443 

Northampton  County  447 
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Artesian  prospects  of — Continued.  page 

Onslow  County    440 

Pamlico  County   453 

Pasquotank  County    455 

Pender  County    45«» 

Perquimans  County   45S 

Pitt  County    4C1 

Uicbraond  County  4«>:> 

Hobeson   County    4fi5 

Snuipson  County   4<U> 

Scotland  County   471 

Tyrrell   County    472 

Washington  County    473 

Wayne  County    477 

Wilson  County   4S1 

Assays  of  North  Carolina  Coastal  Plain  waters 492 

Assays  of  waters  from : 

Beaufort  County  4J»2 

Bladen   County 402 

Brunswick  County   402 

Carteret  County  402.  41M 

Cliowaii  County  4m 

Columbus  County   404 

Craven  County    404 

Cumberland  County    4M.  4J«» 

Currituck  County 40<5 

Dare   County    40<» 

Duplin  County   40«i 

Edgecombe  County   40t» 

Gates  County   4in] 

Greene   County 40*'» 

Halifax  County   ." 40fi 

Harnett  County  40*i 

Hertford  County   41*S 

Hyde  (^»unty    4!»S 

Johnston  County   40S 

Jones  County   4us 

Lonoir  County   4as 

Martin  County  4*.^ 

Moore  County '  40S 

Xash   County    408 

New  Hanover  County 498,  500 

Northampton  County   50i^ 

Onslow  County   50<> 

Paml  ico  County  50<> 

Pender  County   500 

Pitt  County   500,  502 

Richmond    County    : 502 

Robeson   County    502 

Sampson  County    502 

Tyrrell   (\ninty    .* 502 
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Assays  of  waters  from — Continued.  page 

WasblngtOD  County   ^502 

Wayne   County    502 

Wilson  County 502 

Ash,  well  at  375 

Ashwood,  well  at 452 

Atkinson,  assays  of  waters  from 500 

well  at  456 

Atlantic  Coastal  Plain  deposits,  classification  of 74 

Augur  Hole  Landing,  fossils  from 136 

section  at   136 

Aurora,  assays  of  waters  from 492 

well  at  366 

Avoca,   well   at 360 

Ayden,  wells  at 460 

Bailey,  J.  W 52 

Baker,  Julian  M 334,  336 

Barometric  pressure  347 

Bartram,  William 44,  336 

cited    73 

Basement  rocks  of  Coastal  Plain,  nrtesiaii  conditions  of 349 

discussion  of  349 

geologic  structure  of 349 

Bath,  assays  of  waters  from 492 

wells  at 366 

Bayboro,  assays  of  waters  from 500 

wells  at  452 

Beaufort  County,  artesian  prospects  of 365 

assays  of  waters  from 492 

discussion  of  analyses  of  waters  from 484 

geology  of  361 

mineral  analyses  of  waters  from 504 

section  of  well  at 245 

topography  of   361 

water  resources  of 362 

wells  in  378,  379,  380 

Belhaven,  mineral  analyses  of  waters  from 504 

wells   at    365.  366 

Bellamy,  well  near 466 

Berry,  E.  W 70.  71,  72,  80.  81.  285,  298.  304 

cited S2,  272,  309,  326 

Bertie  County,  artesian  prospects  of 369 

discussion  of  analyses  of  watera  from 485 

geology  of  368 

mineral  analyses  of  waters  from 504 

water  resources  of 368 

wells  in   368 

Bibliography    44-72 

Biddle  Landing,  section  at 179,  180 

33 
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Big  Bend,  fossils  from Xlo 

"section  at  125 

Big  Sugar  Loaf  I^andlng,  fossils  from 120 

Black  Creek  formation 82,  87,  88,  92,  300 

artesian  prospects  of 353,  354 

composition  of  llo 

definition  of   112 

detailed  sections  of 115-144 

exi)()snres  of  131 

extent  of   115,  352 

fossils  of   307 

geologic  relations  of 352 

lithologic  characteristics  of 353 

name  of  Ill 

quality  of  water  from 354 

range  of  invertebrate  species  of 115 

strike,  dip,  and  thickness  of 114 

Black  River,  fossils  from 12G-12S 

Black  Rock  Landing,  fossils  from 140 

section  at 192 

Blackmans  Bluff,  fossils  from 132 

section  at    131 

Bladen  County,  artesian  prospects  of 371 

assnys  of  waters  from 492 

discussion  of  analyses  of  waters  f nun 485 

geologj'  of   370 

mineral  analyses  of  waters  from *. , 504 

topography  of  ^ 369 

water  resources  of 370 

Bladen  formation   80,  81 

Bladenboro,  assays  of  waters 492 

ndneral  analyses  of  waters  from 504 

wells  at   372 

Blades,  assays  of  w^aters  from 4tH 

well  at   ' 2&1 

Bloiints  Creek,  assays  of  waters  from 492 

wells  in   3(V> 

well  near  3G6 

Blue  Banks  Landing,  fossils  from 143 

section  at   143 

Blue  Marl    74 

Bolton,  assays  of  waters  from 494 

section  from  well  at , 100 

wells  at    386 

wel  1  near   370 

Boiiuertoii.  wells  at 364 

Bowdens,  assnys  of  waters  from 496 

well  at    400 

Boyle.   Cornelius    65 

Brndshaws  Lauding,  section  at 124 
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Branch's  Store,  well  at 400 

Broadhursts  Bridge,  section  at 180,  181 

Bruce,  well  near 462 

Brunswick  County,  artesian  prospects  of 375 

assays  of  waters  from 492 

discussion  of  analyses  of  waters  from 485 

geology  of  372 

mineral  analyses  of  waters  from 504 

topography  of  372 

water  resources  of 373 

Bryants  Landing,  fossils  from 150 

BunyoD,  well   at 366 

Burches  Ferry  Marls 75,  81 

Burga w,  well  at 456 

C 

C!abin,  assays  of  waters  from 496 

Calypso,  wells  at 401 

Cambro,  well  at 414 

Camden  County,  artesian  prospects  of 377 

geology  of  376 

topography  of   376 

water  resources  of 376 

Campbell,   M.  R 66 

Cape  Fear  formation 80,  81 

Cni)e  Fear  River,  fossils  of 73 

section  along 147-156,  189-191 

Carteret  County,  artesian  prospects  of 379 

assays  of  waters  from 492,  494 

discussion  of  analyses  of  water  from 485 

geology  of 378 

topography  of    377 

water  resources  of 378 

Castle  Hayne,  assays  of  waters  from 498 

section  at  190 

section  from  well  near 162 

wells  at    441,  444 

Castle  Hayne  formation 316 

detailed  sections  of 189-197 

extent  of  357 

lithologic  characteristics  of 357 

Castle  Ilayne  limestone,  definition  of 185 

fossils   of    187,  188 

name  of  185 

thickness  of   186 

Catharine  Lake,  mineral  analyses  of  waters  from 506 

well  at    449,  450 

Causes  of  artesian  flows 346 

Cenozoic    40-44 

paleontologic  characteristics  of 40 
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Chadbourn,  wells  at 386,  388 

Chamberlin,  T.  C 70,  260,  270 

Chance,  H.  M 63 

Cbinqaapin,  assays  of  waters  from 49€ 

wells  at  400 

Chinquapin  Bridge,  section  at 207 

Chocowlnlty,  well  near 366 

Chowan  County,  artesian  prospects  of 383 

assays  of  waters  from 494 

discussion  of  analyses  of  waters  from 486 

geology  of  380 

mineral  analyses  of  waters  from 504 

topography  of  380 

water  resources  of 380 

Chowan  formation   .* 328,  300 

definition  of   282 

detailed  sections  of 284 

name  of  282 

Chowan  River  localities,  fossils  from 235 

Chowan  Terrace,  physiography  of 30-31 

Church  Landing  92,  93 

City  Rock  Quarry  (Wilmington),  section  at 191 

Clapp,  F.  G 337 

Clark,  well  at 391 

Clark,  W.  B 63,  64,  73 

cited    77.  82 

Clarkton,  assays  of  waters  from 492 

wells  at  370,  372 

Clear  Run,  assays  of  waters  from 502 

mineral  analyses  of  waters  from 506 

wells  at  4(VS 

Clinton,  assays  of  waters  from 502 

wells  at  470 

Coastal  Plain,  divisions  of 25 

Coastal  Plain,  physiography  of 24-33 

beaches,  reefs,  spits,  and  sand-dunes 31-33 

Coastal  Plain,  streams  and  valleys  of 26.  27 

rivers  and  creeks 26 

valleys  of  26,  27 

Coastal  Plain,  terraces  of 27-31 

water  resources  of ' 333 

Cobb,  Collier 32.  65,  69,  70.  71 

Coharie  formation   327,  360 

definition  of   273 

detailed  sections  of 275 

lithologic  characteristics  of 274 

name  of  273 

stratigraphic  characteristics  of 274 

thickness  of   275 

Coharie  Terrace,  physiography  of 29 
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Coinjock,  well  at 397 

Columbia  Group 273 

Columbia,  assays  of  waters  from 502 

wells  at  472 

Columbus  CouDty,  artesian  prospects  of 387 

assays  of  waters  from 494 

discussion  of  analyses  of  waters  from 486 

geology  of  384 

mineral  analyses  of  waters  from 504 

topography  of    384 

water  resources  of 384 

Comfort,  assays  of  waters  from 498 

wells  at  426 

Comparative  Table  of  Geological  Formations 330 

Conahoe  Creek,  section  along 213 

Conditions  governing  circulation  and  noncirculation  of  waters  in  Coastal 

Plain  deposits,  section  explaining 344 

Conetoe,  assays  of  waters  from : 496 

wells  at  ^. 404 

Conrad,  T.  A 46,  47,  48,  49,  50,  51,  52,  54,  56,  57,  59,  268,  289 

cited  75,  77,  139,  171 

Contentnea  Creek,  sections  along 158,  159 

Contentnea  Creek  and  Tributaries,  sections  along 225,  226 

Cope,  Edward  D 59 

Corbits  (Old  Union)  Bridge,  fossils  from 129 

Correlation  of  Coastal  Plain  formations 304 

Courthouse  Landing,  fossils  at, 118 

Cove,  assays  of  waters  from 494 

Cove  City,  wells  at 391,  392 

Craven  County,  artesian  prospects  of 391 

assays  of  waters  from 494 

discussion  of  analyses  of  waters  from 486 

geology  of  388 

mineral  analyses  of  waters  from 504 

topography  of  388 

water  resources  of ^^89 

Cresvvell,  wells  at 473 

Cretaceous    ri),  76 

divisions  of   S2,  83 

geologic  characteristics  of 78 

North  Carolina,  correlation  of 75 

Cretaceous  formation  of  Coastal  Plain 350 

Cretaceous  formations   70-171 

historical   review   of .• 73-82 

Cretaceous  section    80 

Croatan,  wells  at :?01,  392 

Cronly,  assays  of  waters  from 494 

wells  at ' 3S(; 

Croom.  n.  B 48,  26S,  289 

Crystalline  roclvs,  artesian  jirospects  of 349 
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Cumberland  County,  artesian  prospects  of niio 

assays  of  waters  from 494.  49C» 

discussion  of  analyses  of  waters  from 486 

geology  of  394 

topography  of  31H 
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wells  at   425 
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extent  of  342 

stratlgraphic  relations  of 342 

Sellers,  assays  of  waters  from 502 

Selma,  mineral  analyses  of  waters  from 506 

wells  at   421,  422 
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Abra  aequalis,  226,  233,  235,  256,  257. 

subreflexa,  232. 
Aoerates  axnboyense,  132. 
Adeorbis  concavus,  241. 

holmesii,  241. 

leal.  241. 

orblgnyi,  241. 

supranitidus,  241. 
Aligena    aequata,    223,    226,    235,    243, 
257. 

minor,  243. 
Aiunionlte,  129. 
Ainphidesma  aequata,  51. 
Amyda  sp.,  120. 
Anachls  harrlsii,  231. 

interrupta,  241. 
Aiintlmya,   130. 
Ana  Una,  135. 
AnChura,  122,  137,  149. 
Anchura  n.  sp.,  136,  140,  143. 

rostra  ta,  140. 

sp..  130,  136. 
Andromeda,  310. 
Andromeda  grandlfolla,  118. 

novae-caesareae,  125,  128,  132,  309, 
.311,  312. 

parlatorii,  118. 
Aulsodonta  Carolina,  243. 
Anomalocardia  dupllnlana,  243. 
Anoniia,  157,  163. 
Anomia  aculeata,  223.  226,  232. 

argentaria,  127,  128,  130,  138,  148, 
149,  150,  153,  154,  155,  156,  157, 
158,  160,  163,  164,  307,  314. 

opblppliim,  49,  74. 

llnifera.  138,  140. 

lintea,  122,  127,  128,  129,  130,  140, 
148,  149. 

n.  sp.,  128,  130,  136.  140,  142,  143. 

simplex,  207,  211,  222,  223,  226,  236, 
243,  246,  2.-6,  257,  319. 

sp.,  163,  164,  165. 
Anthoza,  187,  246. 
Aphrodina,  128,  130,  135,  143,  149. 
Aphrodlna  regla.  130,  136,  138,  140. 

sp.,  122,  136,  138,  150. 

tlppana,  65,  138,  163. 
Araucarla,  81,  310. 

Araucarla  bladenensis,  72,  81,  116,  117, 
124,  125,  126,  128,  129,  131,  133, 
142,  144,  309,  310,  311,  312. 


Clarkl,  118. 

Jeffreyl,  72.  81,  125,  128,  133,  142. 

Toucasl,  310. 
Araucarites  ovatus,  310. 
Area,  48,  129,  149,  215. 
Area  adamsl,  243,  246,  256,  257,  323. 

buccula,  243. 

campechlensis,  325. 

cancellata,  55. 

carollnensls,  232,  243. 

centenarla,  207,  217,  218,  232,  243. 

Idonea,  321. 

improcera,    211,    212,    216,    218,    210. 
226.  236,  243,  246. 

Inclle,  232.  243,  321. 

llenosa,  232,  243,  246,  256,  321,  323. 

limula,  212.  226,  233,  235,  236,  246, 
256,  257,  323. 
var.  fllosa,  212. 
var.  platyura,  256. 

mortonl,  243. 

pexata,  289,  325. 

platyura,  323. 

plicatula,  257. 

pllcatura,  217,  218,  243. 

ponderosa,  289,  325. 

rostellata,  137. 

rustlca,  256,  257,  323.  324. 

scalarina,  258.  323,  324. 

scalarls,  243. 

sp.,  122,  126,  127,  128,  130,  136,  137, 
148,  150,  188,  225,  247.  252. 

stamlnea,  232. 

vlrginlae,  318. 

Arena  carollnensls,  140. 

Arthropoda,  246. 

Asaphis  centenarla,  204,  208,  210,  217. 

218.  223,  243,  247,  319. 
Astarte,  214. 

Astarte  cohenl,  204. 

concentrlca,   212,  217,  218,  222.   223, 

226,  232.  233,  235,  236,  243,  246, 

247v  253,  256.  258,  321. 
exaltata,  210,  232,  321. 
lunulata,  48. 
lyrata,  243. 
obruta,  232,  321. 
symmetrica,  204,  208,  210.  212.  218. 

222,  223.  246,  318,  321. 
undulata,  204,  205,  208,  210,  217,  21S. 

223,  2;U,  2,35,  23(;,  243,  2r».3.  31 H. 
321. 

vlclna,  210. 
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Astrea  bella,  49. 

Astyris.  241. 

Ataphrus  kerri,  136,  140. 

Atriiia  harrisii,  243. 

Aturiji  sp.,  188. 

Aturia  nlabamiensis,  63. 

Aui'inia  dubia,  141. 

Aurinia  mutabilis,   205,   210,  223, 

241. 
obtusa,  241. 
Avicula,  163. 

B 
Baculites,  143. 
Hacnlites  comi)rossii8,  63. 
lialanophyllia,  187. 
Halanus.  1S3,  215,  247. 
BnlHUUS  sp.,  245,  252. 
Halanus  concavus,   207,   210,   211, 

217,  219,  225,  246. 
crenatus,  289. 
liarbatia  carol iiiensls,  140. 

I  in  ten,  140. 
HnriUMi,  1G9,  194. 
Haniea  costata,  289,  325. 
lianxla  carolinensis,  140,  163. 
R4leiiniltella,    52,    53,    56,    74,    75, 

180,  308. 
Boloinnltella  americaiia,  137,  141, 

153,  154,  155.  157,  159,  UK), 

314. 
Beleiniiites.  49. 
Bctula  nlgrn,  285,  2.SS. 
IiHciKlofoutinalis,  2<S5. 
Bono  fragment,  142,  158. 
Boniia  sp.,  232. 
Bdrnla  rota,  243. 

triangula,  232,  234,  243,  258. 
Braclilopod,  187. 
Brachiopoda,  187,  244. 
Bnuhynierls  alta,  138,  140. 
T^iH'viarca  sp.,  136. 
Bryozoa.   128.   129,   130,   143,   153, 

liT),  157,  175,  177,  180,  183, 

185,  186,  187,  189,  193,  194, 

253. 
liryozoan,  168,  190,  193,  194,  195, 

24(1 
Bryozonns,  182.  193,  194,  195,  196. 
Bucciiiidae,  318,  321. 
Biu-cinum,  48. 
Bnlla  sp.,  187. 
Busy  con  contrarlum,  56. 


Cadulus  obnutus,  140,  307,  308. 

thallns,  204,  207,  210,  211,  212,  216, 
217,  218,  223,  225,  232,  236,  243, 
253. 
Caecum,  324. 

Caecum    carollnlanum,    236,    253,    256, 
235,  324. 

oooperl,  236,  256,  324.^ 
floridanum,  236,  241,  256,  324. 
stevensoni,  231. 
virginianum,  231. 
Calllostoma,  318,  321. 
Calliostoma  bellum,  204. 
briana,  204,  231. 
crucibulum,  321. 
cyclus,  242. 
21C        distans,  231. 

fissurijiea,  321. 
harrisii,  231. 
humile,  318. 
mitchelli,  211,  231,  242. 
phllanthropus,  204,  205,  207,  210.  211, 
212,  218,  223,  231. 
var.  basieura,  207,  231. 
reclusum,  318. 
^^"'  ^     ruffinl,  210,  231. 

sp.,  231. 
149.        virginicum,  211,  231. 
308.        willcoxianum,  242,  256. 

Callocardia  sayana,  210.  212.  217,  218, 
223,  232,  235,  243,  246,  253,  2.58, 
324. 
sp.,  252,  253. 
subnasuta,  232. 
Callonema  carolinensis,  140. 
Calyptraea  centralis,  242. 
costata,  53. 
trochlformis,  187,  242. 
Cancellaria  carolinensis,  256,  323. 

conradiana,  242. 
Cardita  arata,  232,  234,  235,  2,S6.  243, 
^54  246,  256,  258. 

^^'       trapezium,  55. 
,^'   Carditamera  carinata,  51. 
^^'   Cardium,   48,   133,   135,   140,   163,   164, 

169,  183,  192,  253. 
196,    Cardium  acultilaqueatum,  243,  321,  323. 
alabamense,  140. 
barratiana.  323. 
,     carolinensis,  140. 
j     contracta,  323. 
I      cuneata,  323. 

dumosum,  138,  150. 
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emmonsi,  323.  Cidarls  carolinensis,  177. 
eufalense,  65,  126,  127,  129,  130,  136,       mltchelll,  177. 

138,  140,  143,  164,  307,  308.  Cinnamomum,  310. 

fondo,  195.  Cinnamomum  Ileerii,  118. 

laqueatum,   205,    208.   210,   217,   218,  ciathurella  sp.,  231. 

222,  223,  243,  321,  323.  Clypeaster  sp..  l'S7. 

^'"^iQ'f^."i«^^^'   ^^'   ^^^'    ^^'   130, ,  eochliopis  nautlliformis,  242. 

1,         oto  '     striata,  242. 

medium,  243.  /,   i  i  i  n  o^o 

oedallum,  258.  ,  ^^^^^  ^^  magnoJiaDa,  243. 

robustum,  246,  258.  321,  323.  ./,^^^i^??'  ""l; 

semilulcata.  243.  tolumbeJla,  2^2. 

sp.,  122,  125,  126.  127.  128,  129,  130,    C'«l"»nl>^^'a  hinata,  289. 

136,  138,  143,  148,  149,  150,  158,  ,  ^'^""^'  ^^• 

160,  165.  169.  188,  208,  218,  223,  !  ^^""^  adversarius,  49,  242,  236. 

226,  236,  253,  289.  '  '     <liluviaDiis,  231. 

spilJmani,  63,  122,  126,  130,  138,  149,       gyratus,  63,  187,  316. 

150,  307.  315. 
sublincatum,  235,  243,  247,  256,  258, 

321,  323. 


taenopleura,  232. 

virsliiianiim,  205,  208,  210. 
Carnivorous  dinosaur,  120. 
Carpinuq  caroliniana,  285. 
Cassldulus  lyelli,  187. 

n.  sp.,  187. 

sp.,  150. 

subquadratus,  104. 
Cassis  sp.,  187. 
Catarractes  antiquus,   57. 
Celastrophyllum,  310. 
Celastrophyllum  creuatum,  118. 

uudulatum,  118. 
Celatoconus  nux,  242. 
Cephalopoda,  188. 
Cepha  lotaxospermum  carolineanum, 

125,  128,  129,  142,  311. 
Cercis  canadensis,  281. 
Cerithiopsis,  187. 


inarylandicus.  2*^(5,  242.  250,  257. 

multilatus,  55. 

sp.,  187. 
Cooi)eralla  carpenter!,  243. 
Corax  falcatus,  127,  130,  136,  148. 
Corbicula  densata,  246,  256. 
Corbula.  253. 
Corbula  barratiana,  253,  258,  323. 

bisulcata,  307. 

carolinensis,  122,  126,  127,  128,  136. 
140,  141,  143. 

contracta,  256,  258,  289,  323. 

crassiplica,  136,  140,  142,  143. 

cuneata,  2ia,  212,  218,  234,  243,  323. 

elevata,  319. 

berterogenea,  243. 

inaequalis.  204,  208,  210,  211,  212, 
217,  218,  219,  223,  232,  234,  235, 
236,  243,  246,  247,  256,  258,  318, 
323. 

n.  sp.,  140. 

sp..  137,  143,  163,  232,  2o3. 
Cornopliyllum  sp.,  118. 


Cerithiopsis  subulata,  242. 

Chama   congregata.  204,  205.  208.   210,  (^-ab  claws,  157,  289. 

217,  218,  232,  236,  243.  246.  2.jS.  Crassatella  pteropsis,  65. 

319.  Crassatellites,  156,  318. 

cortlcosa,  204,  232.  Crassatellites  altus,  188,  316. 


striata,  243. 
Chemnitzia,  140. 

Chione    cribraria,    210,    235,    243,    246. 
2c6,  258. 
grus,  243,  258. 
latilirata,    232,    236,    243,    240,    253, 

2d6. 
sp.,  2.53. 
Chlorostoma   exolotum,  242. 
Chondrophylluni    Nordenskioldi,    125, 
129.  131,  i;^2,  142.. 


carolinensis,  126,  128,  129,  130,  134. 

136,  137,  138,  140,  141,  143. 
duplinianus,  243. 
galvestonensis,  232. 
gibbesii,  243,  246,  256,  258,  323. 
lunulata,  243. 
lunulatus,    204,    205,    210,    21S,    226, 

232,  2.^,  236;  256,  258. 
nielinus,  319. 
pteropsis,  128,  140. 
psychopterus,  243. 
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sp.,  122,  127,  129,  138.  149,  160,  188,  Cymbophora  llntea,  136,  140,  143,  163. 

232,  247.  Cymella  bella,  126,  127,  128,  129,  135, 

undulatus,    204,    205,    208,    210,    212,  136,  137,  140,  143.  307,  308. 

216,  217,  218,  222,  223,  226,  232,  Cypraea  carolinensis,  236,  242. 

234,  235,  236,  243,  246,  323.  pediculus,  250. 

Crataegus  coceinea folia,  286.  sp.,  188. 

spathulatoides,  286.            .                  '  Cyprimeria  depressa,  130,  134,  136,  140, 

Crenella  duplinensis,  243.  142,  143,  163. 

n.  Hp.,  138.  densata,  136,  140,  307. 

serica,  314.  sp.,  160,  163. 

Crepldula,  169,  194,  195,  238,  248.  ('yrena  dupllniana,  243. 

aculeata,  225,  318,  321.  Cytherea  staminea,  319. 

aculeata    Gmelln    var.    costata,    204,  y. 
205,  207,  210,  212,  217,  21S,  223. 

231.  235,  246,  257.  Dammara  borealis,  311. 

densata    51  cliffwoodensis,  311. 

fornicata,  205,  207,  210,  211,  212,  216.  I^endrium  pleistooenicum,  286. 

218,  219.  223.  225,  226,  231,  233.  I^entallum.  140,  21o. 

•>or    fyu\   oio    oil?    ov>    o-.Q    o\ii  Deiitallum   attenuatum,   204,  20o.   20 <, 

257.  289.  318,  321.  210,  212,  216,  217,  218,  219,  222, 

lieros.  321.  223,  232,  233,  235,  236.  243,  253. 

plana,   204.   218.    223,   226,   231.   235,  318,  324. 

236,  246,  256,  257,  289,  321.  danai,  243. 

sp..  210.  dentalls,  53. 

Creseis  recta,  231.  disparlle,  243. 

Crocodylldae.  120.  sp.,  289. 

Crocodilian  tootli,  148.  Dewalquea  groenlandica,  132. 

Crucibulum,  318.  Dinosaurla,  120. 

Cnicibnliini    auriouhi     var.    spinosuni,  i  Diospyros,  310. 

242.  Diospyros  primaeva,  118. 
constrlctum,  204,  210,  218,  235,  242.  Diplodonta  acclinls,  212,  216,  218,  226. 
foatatum,  242.                          ,  232,  234,  235,  236,  243,  246,  256, 

var.  pileohuu,  207,  217.  258. 

jrrande,  204,  207.  leaua,  234. 

ninltillneatnni,  242.  nuclelformis,  232,  243,  258. 

rainosnm,  231.  i     subglobosa,  325. 

sp.,  188.  subvexa,  204,  208,  210,  218. 

Crustacea,  207.  210,  211.  216,  217,  219.  yorkensls,  212,  232. 

Crypta  densata,  56.  I  Disclnlsca  lugubris,  244. 

C.ncullnea  antrosa,  63,  65.  122.  126,  130,  Dlvaricella     quadrlsulcata,     212.     214, 

137,  149,  1,^0.  160,  307,  314.  217,  218,  226,  232,  243,  246,  256, 

carolinensis,  140,  143.  .             258,  319. 

laovis,  55.  \  Donax,  48. 

nuHliali.^^.  212,  218,  226,  232,  234,  235,  Donax  emmonsl,  212,  243,  258. 

243.  '      fossor,  243. 
sp.,  149.  156,  157,  160.  sp.,  289. 


Dosinia  acetabulum,  204,  205,  20S.  210. 
218,  223,  232,  318. 


tclllnoides,  289. 
Cunninprhaniitos  elegans,  125,  129,  131. 

312.  elegans,  243,  256,  323. 

Cycadinocarpus  clrcularis,  125.  Dreissensla,  138. 

Cyclothyris,  136.  Drillin,  322. 

Cyclothyris  sp.,  126.  Drillia  eburnea,  231. 

Cyclothyris  alta,  130,  134,  140.  sp.,  231,  289. 

carolinensis,  128,  140.  tricatenaria,  231. 
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E 

Echinochama  arcinella,  246,  256,  258, 

323. 
Echlnocyamus  parvus,  177,  316. 
Echinodermata,  176,  186,  187. 
Echlnoderm,  103. 

Echlnoclerms,  175,  183,  185,  193,  244. 
EcUlnold,  ITjO,  ISO,  183,  247. 
spines,  225,  252,  253,  280. 
Echinoidea,  187. 
Echinoids,  177,  179,  181,  182,  183,  184, 

185,  187. 
EiChinolampas  appendiculatus,  187. 
Ecphora   quadricostata,   204,   205,   207, 

210,  217,  218,  231,  318,  319,  321, 

324. 
Emarginula  eversa,  63. 
Endopachys  maclurei,  187. 
Ensis,  211,  253. 
Ensis  nniericaua,  325. 
dlrectns,  204,  208,  210,  211,  212,  217, 

218,  223,  226,  234,  £35,  243,  256, 

258,  289,  319. 
ensiforinis,  210,  212,  243,  246. 
magna  var.  virglnlann,  232. 
sp.,  225,  252,  253. 
Episcynla  multicarlnata,  242. 
Equiis  fraternus,  57. 
Eriphyla  conradl,  140,  307. 
Ervilia  lata,  243. 
Eryclna  caroUnensis,  243,  258. 
Etea    caroUnensis,    127,    130,   136,    138, 

140,  148. 
Eucalyptus,  312. 
Eucalyptus  angusta,  311. 

attenuata,  118. 

Gelnitzi,  118,  142. 

nervosa,  132. 
Eullnia  sp.,  252,  253. 
Eupleura  caudata,  257. 
Exogyra.  56,  160,  165,  180,  195,  221. 
Exogyra    costata,   49,   05,    74,    75,    123, 

141,  148,  149,  150,  151.  153,  154, 
155,  156,  157,  159,  160,  162,  163, 

164,  188,  308,  314. 

Exogyra   costata   var.   cancellata,   149, 
151. 
lastatae,  52. 
pondorosa,    136,    140,    141,    142,    143, 

165,  307. 

var.  erraticostata,  130. 
sp.,  122,  130,  137,  156,  1(53,  165,  170. 

35 


F 

Fagus  americana,  285. 
Fasciolaria  acuta,  242. 

apicina,  256. 

elegans,  242. 

gigantea,  242. 

rhomboidea,  56,  242,  246,  256. 

sparrowi,  242. 

subtenta,  56. 
Fern,  undeterminable,  119. 
Ficus,  118,  119. 
Ficus,  crassipes,  119. 

daphnogeuoides,  116,  119,  121,  133. 

iuawiualis,  119. 

ovatlfolia,  119. 

reticulata,  311. 

Stephensoui,  119,  310. 
Fish  vertebra,  136,  138,  148,  160. 
Fissurella  marylandica,  231. 

redimicula,  231. 

sp.,  231. 
Fissuridea  alticosta,  318. 

cardltella,  256. 

catelliformis,  204. 

chipolana,  242. 

marylandica,  207. 

nucula,  242,  256. 

redimicula,  204,  207,  223. 

sp.,  252,  318. 
Flabellum,  187. 
Foramiuifera,  184,  252. 
Fossarus  lyra,  204,  210,  217,  218,  24is. 
Fulgur,  318. 
Fulgur  canaliculatum,  54,  257. 

carica,  55,  288. 

contrarium,  54.  * 

contrarius,  49. 

coronatum,  242. 

excavatum,  54. 

excavatus,  49. 

maximum,  242. 

maximum  var.  inclle,  324. 

perversum,  242,  256,  257. 

pyrum  var.  excavatum,  242. 

pyruni  var.  incile,  242. 

pyruni  var.  rugosum,  242. 

sp.,  253. 
Fusus  abruptus,  56. 

aequalis,  242. 

caloosaensis,  256. 

6 

Gafrarium  metastriatum,  204,  226,  234, 

236,  243,  256,  258. 
Gastrochaena,  127,  138. 
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Gastrochaena  americana,  122.  Hicoria  aquatlca,  285. 

ligula,  243.  glabra,  285. 

Gastropod,  193,  194.  ovata,  285. 

Gastropoda,  204,  205,  207,  210,  211,  212,   Hindsiella  acuta,  243. 

216,  217,  218,  219,  222,  223,  226,       caroliensis,  243. 

231,  233,  235,  23C,  241,  246,  247,    Hypsibema  crassicauda,  120. 

256,  257. 
Gastropods,  177,  183,  184,  192,  193,  195,   ,„  ^  oqa 

202    203   246   247  mex  opaco,  zoo. 

Gemma,  318.  /        '        '  "^1^°?,!!^.'' ol^'  ^^' 

Gemma  magna.  210,  218,  226,  234,  23u, 
236,  243,  253,  258. 
sp.,  253. 


I 


Inoceramus,  154,  164. 

loceramus  cripsii,  1 

proximus,  140,  143. 

sp.,  150. 
Inoperna*  carolinensis,  140. 
Isocardla  cllffwoodensis,  126,  130,  134, 
135,  136,  307. 


sp.,  128,  188. 

J 
Juglans,  310. 
Juglans  artica,  119. 


granifera,  231,  242. 

var.  sexdentata,  242. 
isogramma,  204,  232. 

trigona.  210.  211.  226.  234.  238.  243,  inSulum 'tSlfome.  63. 

Gervillia  ensiformis,  136,  143. 

sp.,  140. 
Gibbula  americana,  242. 
Glycymeris,  120,  104,  228,  234,  247. 

Glycymeris   americana,   205,   210,   212,  ,.j.aterna   205  217  218  2^ 

222,  223,  232,  234,  235.  236,  243.  - 'q^^'       ''         ' 

24C,  256,  258,  318,  821.  ^'  ^^"  ^"^^  ^^'^' 

a  rat  us,  193. 

congesta,  135,  136,  340,  307. 

duplin^^nsis,  243,  246. 

pectiuata,  236,  243,  256,  258. 

l)ennacea,  243.  K 

sp.,  127,  135.  Kalmia  brittoniana,  129,  132. 

subaustralis,  126,  127,  130,  137. 

subovata,  205,  208,  210,  211,  212,  217,  ^ 

218,  222,  223,  224,  232,  284,  235,  Labiosa  canaliculata,  326. 

230,  243,  247,  318,  319,  321.  Lamna  texana,  122,  127,  130,  136,  138, 

Say  var.  plagla,  243,  246.  140,  143,  148,  149. 

Glyphostoma  sp.,  281).  Laurophyllnm  elegans,  119. 

Gryphnea.  ISO.  Leda,  133,  193,  211,  253. 

Gryphaea  sp.,  140,  143,  153.  Leda    acuta,    208,    210,    211,    218,    224, 

Gryphaoa    vesicularis,    136,    149,    150,  226,  232,  2.34,  235,  236,  243,  252, 

153,  154,  156,  IGO,  163,  165,  307,  253,  256,  258,  289,  318. 

314.  cllffwoodensis,  129. 

Gyrodes,  128,  136.  hypsoma,  243. 

Gyrodes  abyssina,  63.  u,  sp.,  128,  143. 

crenata.  127,  140,  307,  308.  sp.,  120,  137,  140. 

sp.,  143,  148,  149,  154,  160.  Legunion    planulatum,    128,    130,    136, 

jj  140,  143. 

Leguminosites,  310. 

Hamulus  major,  127,  128,  130,  136,  140,  Leguminosites  robinlafolia,  119.  310. 

^43,  140.  I^ptosolen  biplicata,  126,  130,  134,  136, 

squamosus,  143.  14Q^ 

Hedera  primordlalis,  119.  Lesquereuxl,  312. 

Hemiaster,  156.  Leviformls  trabeatus,  188. 

Hemiaster  sp.,  157.  Lignite,  165. 

Hemipatagus  sp..  187.  Lima,  150. 

Hercedon  ellipticus,  140.  Lima  acultillneata,  814. 
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carolinensis,  243. 

oxpleura,  136,  140,  143. 

pelagica,  136,  153,  315. 

reticulata,    136,    140,    143,    153,    154, 
156,  307,  314. 

sp.,  154,  156,  157. 
Linearia  n.  sp.,  140. 
Linear! a  carolinensis,  138,  140. 
Linearia  metastriata,  126,  127,  128,  130, 

307. 
Llopeplum  thoracica,  140. 
Lioplstba  pretext  a,  314. 
Liotia  gemma,  256. 
Llquidambar  styraciflua,  286. 
Liriodendron,  310. 
Liriodendron  dublum,  119. 

primaevum,  132. 

sp.,  119. 

tulipefera,  281. 
Lirosoma  sulcosa,  210,  223. 
Lithophaga,  carolinensis,  140. 
Lithophagus,  sp.,  164. 
Littorina  carolinensis,  242. 

irrorata,  232,  246. 
Longchaeus  arenosus,  242. 

sp.,  242. 
Lucina  anodonta,  53. 

contracta,  53. 

divaricata,  48. 

glebula,  136,  140,  143. 

jamalcensis,  49. 

multistriata,  51. 
Lunatia,  137,  164. 
Lunatla  obliquata,  122,  14& 

sp.,  127,  130,  140,  169. 
Lunulites  dlstans,  63,  187. 

M 

Macoma  conradi,  232,  243. 

holmesii,  243. 

vlrginiana,  232. 
Macrocallista,  320. 

Macrocalllsta    albaria,    210,    218,    224. 
232.  234. 

nlmbosa,  258. 

reposta,  243,  246. 
Macrompbalina  duplinensis,  242. 
Mactra,  135. 
Mactra  n.  sp.,  256. 
Mactra  sp.,  245. 
Madracis  sp.,  187. 
Madrepora  porites,  48. 
Magnolia,  310. 
Magnolia  Capellinii,  119,  312. 

Xewberryi,  119. 
Malapoennn,  310. 


Malapoenna  borrellensis,  128,  129, 

142. 
Mains  corinariafolia,  286. 

pseudo-angustifolla,  286. 
Mangilia  sp.,  252. 
Manibotltes  sp.,  311. 
Margaritaria  abrupta,  205,  243. 
Marginella  sp.,  322. 
Marginella  aureocincta,  236,  256. 

bella,  219,  232,  246. 

contracta,  233. 

dacria,  256. 

denticulata,  233. 

lima  tula,  223,  226,  232,  233,  235, 
24(u  256,  257. 

sp..  188,  2o2,  253. 
Mastodon,  57. 

Mastodon  giganteum,  48,  268. 
Mellna  maxlUata,  205. 
Melongena  sp.,  188. 
Membranapora,  150. 
Membranapora  sp.,  289. 
Men isper mites  sp.,  119. 
Merginella  ovata,  242. 
Metis  ningnolians,  243. 
Mitra  carolinensis,  242. 

sp.,  188. 
Modiola,  130. 
Modlola  ducatelli,  232. 
Modiolaria  carolinensis,  243. 

virglnica.  232. 
Modiolus  ducatelli,  218,  224.  226, 
235.  243,  256. 

sp.,  188. 
Molleria  duplinensis,  242. 
Mollusca,   175,  176,  1S7.  199,  200, 

248. 
MoUuscoidea,  176. 
Montacuta  petropolitana,  234,  256. 

sajrrinata,  232. 
^loriconla  americana,  119,  312. 
Mortonla  pileus-sineusis,  63. 
Mulinia  cougesta,  200.  202,  203,  204, 
208,  210,  211,  212,  213,  214, 
216,  217,  218,  219,  221,  222. 
224,  22n,  226,  227,  232,  234. 
23(5,  243,  248,  258.  318. 

lateralis,  234,  243,  245,  246,  2.12, 
2,i6,  258.  2S9,  323. 

mllcsii.  243. 

s]).,  22,"). 

transversa,  2S0. 
Murex.  4.S. 
Mnrox  conradi,  218. 

rufus.  2rj<5. 


131, 


236, 


234, 


230, 


205. 
215. 
223, 
235, 

253, 
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Maricidea  shilohensls,  310. 
Mya,  48. 

My  a  arenaria,  232. 
Myrlca  cllffwoodenais,  142. 

elegans,  119,  309. 
Myrsine,  310. 
Myrsine  borealis,  116,  119. 

eloDgata,  119. 
Myrtopbyllum  schubleri,  311. 
Mysia  Ducleiformis,  48. 
Mytilas  condeooratus,  140. 

COD  radiums,  243. 

hamatus,  250,  258. 

nasutus,  140. 

N 

Nassa,  109,  194,  322. 
Nassa  bidentata,  242. 
caloosaensis,  257. 
harimloides,  232. 
Jobnsoui,  242. 
lapenotlerei,  257. 
Bcalaspira,  204. 
sp.,  252,  253. 
trivitatta,  250.  257,  289. 
vibox,  257. 
Xassarlna  glypta,  256. 
>ras8i(lae,  318,  321. 
Xatka  canreua,  49. 
Nautilus,  13.1. 
Nautilus  sp.,  18.S. 
Nautilus  dekayi,  03,  156. 
Navicula  uu  lops  is,  03. 
NeuKMlon,  137. 

Nemodon  brevifrons,  135,  137,  140,  143, 
307,  308. 
eufaleusis,    128,    130,    134,    136,    140, 
143. 
Nerita,  48. 

Nucula,  141,  211,  318. 
Nucula  n.  sp.,  12(5.  127,  128,  129,  130, 
130,  140,  143,  1,18. 
percrassa,  120,  127,  128,  129,  130,  136, 

140,  141,  143,  158.  307,  308. 
proxima,  205,  210,  211,  219,  224,  226, 
232,  234,  235,  230,  245,  246,  252, 
253,  256,  289,  319. 
sp.,  157. 

taphria,  224,  243,  253. 
Nyssa  bitlora,  280,  288. 

O 
Odostomia,  242. 
CKlostomia  sp.,  242. 
Oona  plana,  140. 
Oliva  alabamieiisis,  (53. 


duplicata,  51. 

Utterata.  236,  242,  246,  256,  257.  325. 
mutica,  246,  253. 
sp.,  188,  245w 
Olivella,  252. 
OllveUa  motica.  212,  233,  242,  252,  253. 

nitidula,  211. 
Ostrea,  48,  162,  165,  166,  168,  169,  179, 
180,  183,  184,  189,  194,  195,  215, 
216,  247,  248. 
Ostrea  carolinensis,  208. 
compressirostra,   205,   208,   210,   211, 
216,  219,  222,  223,  224,  234,  236, 
243,  246,  318,  320. 
cretacea,  126,  127,  128,  136,  144,  165, 

166,  170,  307. 
georglana,  176,  177,  182,  183,  315. 
larva,   137,   141,   148,   149,   153,   156, 

162,  163,  164,  308.  314. 
u.  sp.,  128,  130,  137,  143. 
percrassa,  258. 
plumosa,  128,  130,  137,  149,  153,  154, 

156,  157,  158,  307,  314. 
sculpturata,  205,  208,  210,  211,  212, 

216,  217,  219,  220,  222,  223,  224, 
225,  226.  232.  235,  236,  244,  246, 
256,  258,  318,  320. 

sp.,  122,  130,  140,  148,  149,  150,  154, 
158,  1(>3,  104,  105,  188,  252. 

subspatulata,  53,  65,  74,  123,  130,  137, 
141,  148,  149,  150,  151,  154,  155, 
150,  159,  163,  170,  314. 

tccticosta,  128,  136.  150,  153,  154,  155, 

157,  163,  164,  307. 
virginica,  256,  258,  284,  288,  289. 

Otodus    appendiculatus,   127,   128,   130, 
130,  137,  138,  148,  149. 


PacUycardium  splllmanl,  65. 
Pandora  arenosa,  232.  244. 

crassidena,    219,    224,    234,   244,    253, 
319. 

sp.,  252,  253. 

trilineata,  244. 
Panopea,  230. 
Panopea  amerlcana,  211. 

deoisa,  150,  314. 

goldfussii,  48. 

reflexa,  205,  208,  210,  219,  224,  232, 
235,  244,  246,  258. 

sp.,  188. 
Pararaya  subovata,  244. 
'  Paranomia,  150. 
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Paranomia  scabra,  153,  162,  314. 

Patella  fornicata,  48. 

Pecten,  48,  151,  154,  179,  181,  184,  214, 

216,  252,  253.  256,  318. 
Pectens,  180,  183,  219. 
Pecten  n.  sp.  argillensis,  127. 
clintonlus,  205. 
crlbrarlus,  205. 

deoemnarius,  205,  208,  224,  232. 
eboreus,  48,  205,  208,  210,  211,  212, 
213,  214,  215,  216,  217,  219,  221, 
223,  224,  225,  226,  234,  235,  236, 
244,  245,  246,  247,  256,  258,  320, 
323,  324. 
eboreus  Conrad  var.  yorkensis,  232. 
edgecombensls,  232,  320. 
jeffersonius,  205,  208,  210,  216,  217, 
219,  222,  223,  224,  232,  318,  319, 
320,  323. 
jeffersonius  var.  edgecombensis,  205, 

208,  210,  216,  219,  224. 
Jeffersonius    var.     septenarius,     205, 

208,  210,  219,  224,  244. 
madisonlus,  205,  208,   210,   216,  217, 

219,  223,  224,  232. 
marylandicus,  48,  205. 
membranosus,  63,  188. 
mortonl,  236,  248. 
n.   sp.,   126,   127,   128,   130,   135,   130. 

1.^7.  140,  14a,  20S.  2r>C. 
rogersl,  205,  208. 
scintilla tus,  188,  316. 
simplloius,  142,  143.  156,  157,  315. 
sp.,  129,  145,  153,  163,  225,  245,  253, 

289. 
tenuitestus,  153,  308,  314. 
vicenarlus,  51. 
Pectunculus,  48. 
Pelecypod,  200,  204. 
Pelecypoda,  188,  204,  205,  207,  210,  211, 
212.  216,  217,  218,  219,  222,  223, 
226,  232,  233,  235,  236,  243,  246, 
247,  256,  257. 
PelecyiKxls,  177,  183,  184,  193,  195,  200, 

202,  20:J,  24(>,  247. 
Perlsternia  fllicata,  232. 
Pema,  134. 
Perna  n.  sp.,  137. 
Perna  sp.,  156. 
Persea  pubcscens,  286. 
Petricoln  enrolineusls,  210,  244. 

harrisil,  232. 
Phacoidos,  236,  2i53,  318,  321. 
Phacoidos  amlantus,  2.52,  258. 
anodonta,  205,  208,  210,  217,  219,  223, 


224,  232,  234,  235,  236,  244,  246, 
256,  258,  321. 

contractus,   205,   208,   211,   217,   219, 
235,  244. 
,     crenulata,  232. 

crenulatus,  205,  208,  210,  211,  212, 
216,  217,  219,  223,  224,  225,  226, 
234,  235,  244,  253,  257,  258,  321. 

cribrarius,  208,  211,  212,  217,  219, 
232,  244,  319. 

densatus,  244. 

multllfneatus,  252. 

multistriatus,  244. 

radians,  216,  244,  246,  257,  258,  321. 

sp.,  252,  253. 

trisulcatus,  219,  223,  224,  236,  257, 
258,  321. 

trisulcatus  var.  multistriatus,  219. 

tuomeyi,  244,  252,  257,  258. 
I^haseolltes  formus,  119. 
Pholas,  143. 
Pholas  costata,  48. 

cithara,  143. 

n.  sp.,  140. 

producta,  235. 
Phragmites,  310. 
Phragmites  Prattl,  117,  119. 
Pholadomya,  138,  314. 
Pholadomya  claibomensls,  188. 

n.  sp.,  130. 

occidentalis,  122,  127. 

sp.,  126,  188. 
Pinna,  135. 
Pinna  sp.,  126. 
Pinus  raritaneusis,  312. 

rigid  a,  285,  286. 
Pisonla,  310. 
Pistia,  310. 
IMstia  oorrugata,  311. 

Mazelii,  311. 

Nordenskioldi,  309.  310,  311,  312. 
Pitaria  filosina,  244. 
Placentlceras  placenta,  140,  143,  307. 
Placenticeras  sp.,  165. 
Placunamoia  plicata,  244. 
Plagiostoma  palagicum,  49,  74. 
I*lanera  aquatlca,  280. 

cretacea,  132. 
Plat  anus  occidentalis,  280. 
Pleurotoma  limatula,  232. 
Plicatula  densata,  219. 

filamcntosa,  188. 

gibbosa,  325. 
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marglnata,  205,  211,  212,  216,  217, 
219,  223,  224,  226,  234,  235,  236, 
244,  246,  257,  258. 

sp.,  136. 
Podozamites,  133. 
Podozamites  Knowltoni,  116,  312. 
Polydectes  biturgidus,  120. 
Polynlces,  246. 

Polynlces  dupllcatus,  204,  212,  217,  218. 
226,  232,  233,  235,  236,  242,  246, 
252,  253,  256,  257,  289,  318,  321. 

heros,  204,  205,  207,  210,  211.  217, 
222,  236,  246,  257. 

internus,  242,  256. 

percallusa,  242. 

perspectus,  242. 
Polytbalamla,  52. 
Portheus  sp.,  128,  140. 
Portbeus  molussus,  140. 
Protocardium  caroUnensis,  140.* 
Pseudoliva  vetusta,  63. 
Pseudorotella  milium,  242. 
I»teria  petrosa,  140,  307,  308. 
Pterospermltes,  310. 
Pterospermites  caroUnensis,  119. 

crednera  folia,  119. 
Ptycbosalplnx  altills,  204,  232. 

Inquentum,  232. 

multirugata,  242. 

tuomeyl,  204,  232. 
Pugnellus,  135. 
Pugnellus  densatus,  164,  140,  307,  308. 

sp.,  122. 
Puncturella,  188. 
Pyropsis,  sp.,  140. 
Pynila  ampla,  55. 

pnpyratia,  256,  324. 

Q 
Quercus,  310. 

Quercus  abnormalls,  2S6. 
nlba,  286. 
marylandica,   286. 
mlcbauxil,  286. 
nigra,  28G. 
palustris.  286. 
pliellos,  286. 
platanoidps,  285. 
Pratti,  119. 
prwligitata,  281,  280. 
priniis,  28r). 
pseudowestf alien,  310. 
sp.,  119,  281,  286. 


R 
Raeta  alta,  232. 

Rangia  clathrodonta,  211,  212,  224,  232, 
244,  246,  257,  258. 
cuneata,  288,  289. 

grayl,  325. 
Reptilian  tootb,  149. 
Retusa  dupllnensis,  242. 

microtrema,  242. 
Rbyncbonella  salpinx,  187. 
Rocbefortia  sp.,  232. 

Stanton! ,  244. 

stlmpsonl,  244. 
Rostellites  sp.,  149,  160. 
Rubus,  sp.,  286. 

S 
Salix,  310. 
Salix  flexuosa,  117,  119,  125,  312. 

Ijesquerreuxl,  125. 

Xewberryana,  119. 

sp.,  285. 
Sassafras  acutllobum,  119. 
Saxicava  arctlca,  244. 
Sea  la,  188,  253,  322. 
Scala  marylandica,  207. 

multistirata,  289. 

ocotolineata,  188. 

sp.,  232,  252. 
Scalasplra  strumosa,  204,  211,  233.  235, 

319. 
Seapbella  mutabilis,  319. 

ocalana,  188. 

trenbolmi,  242. 
Seaphopoda,  207,  210,  216,  217,  219,  222, 

223,  232,  243. 
Sobizodesma,  130. 

Scbizodesma  appressa,  136,  307,  308. 
Sconsia  bodgei,  242. 
Seutella,  168,  180,  183,  187,  195. 
Scutella  alta,  177,  316. 

lyelli,  187. 

sp.,  289. 
Sella  adamsi,  226,  233,  242,  253,  257. 

bella,  244,  257,  323. 
var.  appressa,  244. 
var.  dupllnensis,  244. 

carinata,  244. 

nuculoldes,  232,  244. 

subovata,  217,  219.  224,  232. 
Septastrea  marylandica,  246. 
Sequoia,  310. 
Sequoia  beteropbylla,  119,  121,  311. 

minor,  142,  311. 

Relcbenbacbl,  116,  133,  142. 
Serpula,  105,  169. 
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Serpula  cretacea,  122, 126, 128, 130, 137, 
140,  143,  150. 

sp.,  126,  136,  148,  156,  157. 
Serpulorbis  granlfera,  242. 

granifera  var.  tenera,  242. 

sp.,  188. 
Siliquaria  vitis,  63,  188. 
Slsmondia  plana,  63. 
Solaiiorbis  duplinense,  242. 

undula,  242. 
Solarium  granulatum,  242. 

nuperum,  232. 
Solen,  48. 
Solen  ensls,  53. 
Solyma,  128. 
Sphenia  dubla,  232,  244. 
Spheuodiscus  lenticularis,  814. 
Splsula,  247.  • 
Spisula  curtidens,  244. 

delambis,  232. 

duplinensls,  244. 

magnoUana,  211,  244. 

modicella,  232. 

soludisslma,  289. 

subparilis,  212,  232,  246. 
Spoudylus  dumosus,  188,  316. 
Sportella  constrlcta,  234,  244,  257. 

pelex,  318. 

protexta,  234,  244,  257. 

yorkensis,  232. 
Stephanophyllia  bowerbankll,  137. 

sp.,  137. 
Strigilla  fiexuosa,  244,  257,  258. 
Strombus,  48. 
S trombus  sp.,  188. 

T 

Tagelus,  188. 

Tagelus  glbbus,  232,  257,  258. 
Taphrosphys  dares,  120. 
Taxodium  dlstlchum,  285,  288. 
Telnostoma  lentlculare,  218. 

nanum,  207,  211,  212,  223,  226,  233, 
253. 

sp.,  253. 

undula,  226. 
Telllna,  138. 
Tellina  aequistriata,  232. 

areata,  51,  244. 

declivis,  212,  219,  226,  233,  234,  319. 

dupllniana,  233,  234,  244,  258,  319. 

macilenta,  244. 

propetenella,  233. 

sp.,  122,  136,  188,  233,  245,  253,  289. 

umbra,  244. 
Telllnlmera,  125. 


Tenea  parilis,  140. 

Terebra,  252. 

Terebra  carolinensis,  242. 

concava,  257. 

dislocata,  212,  237,  242,  253,  256,  257. 
var.  Indenta,  237. 

dislocatus,  246. 

indenta,  242. 

neglecta,  236. 

protexta,  242,  257. 

unllineata,  242. 
Terebratulina  lachryma,  63,  187,  316. 
Terebratula  wilmingtonensis,  53,  187, 

297. 
Teredo,  169,  179. 
Teredo  sp.,  289. 
Testudiuata,  120. 
Thecachampsa  rugoea,  120. 
Thrada  conradi,  205,  211. 

transversa,  233. 
Tornatina  canaliculata,  207,  211,  218, 
*  226,  233,  236,  242,  245,  247,  252, 
253,  256,  257,  289. 

myrmeco^n,  242. 
Torreya,  72. 
Trachodou  tripos,  120. 
Transenella  carolinensis,  212,  244,  257, 

258. 
Trichoptropis,  sp.,  140. 
Tridacnoides,  318. 
Triformls  melanura,  242. 

perversa  Linne  var.  nigrodncta,  233. 

sp.,  188. 
Trigonia  angulicosta,  65. 

divaricata,  55,  65. 

eufalensis,  127,  148,  149,  154,  307. 

lunata,  55. 

sp.,  122.  126,  128,  130,  134,  137,  140. 
142,  158. 

thoracica,  154. 

triquetra,  140. 
Trlgonoarca,  122,  140. 
Trlgonoarca  carolinensis,  140. 

cliffwoodensls,  129j  148,  307. 

perovalis,  140. 

n.  sp.,  127,  136. 

sp.,  126. 

triquetra,  126,  127,  128,  130,  135,  140, 
141,  307. 

umbonata,  140,  143. 
Trochlta  trochiformis,  63. 
Trochus  nlxus,  55. 
Tugoniopsis  compacta,  244. 
Tumlon  carolinianum,  72,  81,  116. 
Turbonilla,  242,  252. 
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Turbonllla    interrupta,    204,  211,    212,    Veuiella  conradl,  63,  127,  128,  129,  130, 

218,  226,  233,  253,  257,  289.                          135,  136,  140,  143. 

reticulata,   218,   223,   226,  245,    253,       lineata,  122. 

257,  280.  sp.,  160,  ISa 

sp.,  188,  242,  253.  Venus,  48,  211,  215. 

Turrltella,  215,  321.  venue  campechiensls,  223,  224,  244,  258. 

Turrltella  aequistriata,  319.  eribraria,  51. 

alticostata,  232,  321.  deformis,' 233. 

quadrlUra,  140,  307.  ducatelli,  319. 

sp.,  127,  129,  130,  136,  149,  153,  253.         mercenarla,  53,  217,  246,  288,  289. 

subaunulata,  256,  323.  plena,  233,  244. 

*''"!T^u^^;»a^J^oaI^*;a^^^^  010            Conrad  Var.  inflata,  233. 

variabilis,  204,  205,  207,  210,  211,  212,  Oi^nvad  vnr    nnr^n    9Vi 

216,  217,  218,  222,  223,  226,  233.        Hlevf   20^720^^1  ^     212    2W    923 

235,  236.  318,  319,  321,  323.  ^224  ^5  Sfi   l^^    S^  S  S 

vertebroides,  127,  128,  157,  314.  i'^Z*  f-^»  :f^^*  ^*  -^^'  ^**'  -^^'' 

257,  258,  318,  319. 

U  8p.,  225,  245,  289. 

ITlmus  alata,  286.  '     tridacnoides,  205,  208,  217,  219,  222, 

Undetermined  gastropods,  127.  '  224,  244. 

pelecypods,  126,  127,  128,  129,  130,    Vermetusgraniferus,  210,  217,  218,  233. 
136.  '  235,  24a 

pelecypods  and  gastropods,  122,  138. ;     gculpturatus.  205,  218,  223,  233,  23G. 
143.  '     virginica,  205,  236. 

Urosalpinx  clnereus,  325.  i  vertlcordia  emmonsi,  205,  244,  253. 

rustlcus,  318.  ,  vitis  sp.,  286. 

trossulus.  232,  242.  Voluta  carolinensis,  49. 

y  I     conoides,  55. 

„      .   .  .  OQ^  I  Volutilitbes  sp.,  188. 

Vacciiuum  arboreum,  286.  i'^i„4.^z.^«o    i1q 

I.  oo£»  ooo  '  >  olutoderma,  148. 

corynibosum,  286,  288. 

spatulata,  286.  '  X 

Venerlcardlfl,  247.  ;  xenophora  conchliophora,  188. 

Venericardia  graniilata    193,  20o,  208, ;  xoifema  ligustrina,  286. 

211,  212,  216,  217,  219,  222,  223, 

224,  226,  228,  23;?,  2*U,  285,  236,  |  '  T 

244,  246,  253,  257,  258,  321.  ,  Yoldia   laevis,  205,  208,   211,  212.  219. 
perplana,  233,  234,  236,  244,  257,  258, ,  224.  225,  226,  233,  234,  2o3,  31S, 

321.  limatula,  289. 

var.  abbreviata,  244. 
sp.,  188,  252.  ^ 

tridentnta,   211,    219,    234,   236,    244,   Zenophora  leprosa,  63. 

245,  246,  252,  257.  258,  284,  321.      Zonarites  sp.,  119. 
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